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C’llAPTKlt XIV 

CELLUT,OTD AND THE I’VUdXYLlN PLASTICS 

The nianufiicl.urr of cclliiloso nilnilr-i'iuuijhor coniaining plastics 
is essentially an imitative imhistry, and is a fovgevy of many of tlie 
necessities and luxuries of civilized life. Hut uidike many forgeries, 
f,hese idaslics possess iri'opertic.'s supi'vior to those of the originals which 
they are intended to simulate. And the existence of the industry 
has, and its continuity does, depend upon how (dosely it can reproduce 
that which is heaptiful and scarce, and hence much sought after and 
costly. Of all the industries in which the cellulose nitrates enter, 
not one has heen biought 1o as high a degree of exact manipvdation 
and mechanical ]jerfec1ioii as in the manufacture of these plastics, 
of which celluloiil is the most widely known representative. And 
rjoiwithstanding the immense amoindi of continuous research involved, 
energy expended, and mechanical ingenuity di.s|)la 3 'ed, the text-books 
and cumuli literature have heretofore conveyed hut little authentic 
information as to the details of the jnocesses involved, so closely 
and assiduously have the Laboratory and machine-room secrets been 
guarded. After the discovery of a cellulose nitrate, the simplest 
step in Older 1o make a usi'fid commercial product of it was dissolu¬ 
tion in the most convenient solvent, which hapiiened to be a mixture 
of alcohol and ether. Therefore the earliest known pyroxylin com¬ 
pounds were thin solutions made with li(|uid solvents, and were the 
subject of practical apiilications long before the solid compounds 
typified by celluloid—whose production awaited the discovery, develop¬ 
ment, and perfection of intricate methods and mechanical appliances 
—were possible. The extreme simplicity of the liquid .solutions, 
whose manufacture merely involved dissolving pyroxylin to a suf¬ 
ficiently fluid condition bv ordinary means, permitted their early 
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being brought to a atate of comparative perfection so far as method 
went, and although their manufacture Irecame moie extended fi'om 
time to time, through the employment of the new liquid solvents dis¬ 
covered, the simple nature of the processes emplo)-ed ]jennitted their 
adoption whenever their properties were such as to be desiralrle in the 
compound, 

Parkesinc and Alexander Parkes. It has been stated that 
Paikes^ int-ei'est in the cellulose nitratr^s was aroused fi'om conversa¬ 
tions with his friend, John Taylor, who, in IMG, took out a patent for 
Schonbein in England for the manufacture of guncotton.' Parkes, 
as with the other eai'ly investigators, hail not gone fai- with his exper¬ 
iments before he realized that the extreme fluidity and thinne.ss of 
the solutions which he was able to prejiare was theii' serious draw¬ 
back for use in many industries where otherwise they appai-enlly 
would have an extensive field. Jlis greatest drawback, of coui-se, 
was the limited nnndKir of solvents at. Ids command to \vork with 
—alcohol and ether being about all that gave promising results at that 
time. He found that increasing the solidity of the pri'paralions liy 
evaporating off the solvent was a slow c.nd tedious operation, and 
one which, in those days, was accompanied with consideralilti danger. 
And even after the fluid portion had been elindnated, the solid 
cellulose nitrate left was in such a wrinkled and distoited condition 
as to be worthle.ss for any very extensive aiiplication. He used a 
solution of pyroxylin of the usual photographic collodion strength — 
about 3-5 oz. ])er gal.—so that the I'l'iiorted lemark of one of Ids 
associates that “fiom a barrel of mixture tlu' guncoiton you got you 
could hold in your hand" was not devoid of ti'uth. When attempts were 
made to produce objects of pyroxylin of any si/.e, weeks, and more often 
months, were required to eliminate the last, traces of solvent. It is 
quite evident that Parkes was im|)ressed with the ijossibilities which 
might result from the foiination of solid compounds, and being both a 
chemist and engineer, he fitted up a laboratory at the wor ks where he 
was employed- and in IS."),') ga\e to the woi'ld the i-esult of his l;d)ors 
in a patent." Two more ])rocesses were ])iotected the next year"' 

1. E.P. 11407, IS40. 

2. Of Elkiiigloii, Mason & Co., Jli)'i)iiiigham and South Wjilcs, 

3. K.P, 23,')«, IS.'t.y 

4. K.P. 1123, 1125, IS.sO. 1)1 these patents jd'I' direction.s for niaking a 
pasty mas.s l)y taking aleohol, ether and pyro.vyhn, \vl)ioh are then to he rolled 
hctwcei) rolls. If this should lie do))e, ll)e only i-e.sull would he a mass of powder, 
for upon evaporation of the solvents (aleohol and ether) notliiiip hut a dry mass 
of pyroxylin would be left, wilhoni coherence or .slretiKth. I.iki'wise I’arke.s'direets 
to make sheets by pouring collodion upon glass, hut when the fluid mass begins 
to dry, the rapid disappearance of the solvent would leave but a rumpled, cracked 
sheet of hard, hriltlc pyroxylin. 
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and others^ at a later 
by bis employeis that 
ing lieadway until, urged by hisr friends, he prepared specimens and-i 
exhibited them at the 'Great Exhibition (London) in 1862, 
lie was awarded a prize medal for_ his versatility of invention/^\ 
although the specimeas exhibited woro-i'all made by himself in a 
rough manner by hand. The examining, committee of the French 
h'\hibitioii of 1SG7 conferred, upon ' him a silver medal, and' 
sugg(‘sled that Parkosine or Parkcsite would be an appropriate name 
for this product. * ; ' 

As judged from his patents, some of which embody rather a series 
of suggesti(tns of what he thought could be dohe, and n{)t apparently 
an ,‘u‘count. of wluit he had done, Parkes had a very clear and rational 
conception of the possibilities which would result from the production 
(»f a suitable cellulose nitrate plastic.^ In 1865'^ he lectured before 


period,. So, n^uch of his time was requii^| 
the^'e patents made but little manutaoW^^ 


the Society of Arts on the Properties and Applications of Parkesine," 
in wliich he outlined the steps which led up to the preparation of his 
coni|fo\tTKl, and stated that the finished material could be produced 
“ i:t a cost of less thiui 1 shilling per jioundA^' The company formed 

1 P.P 2fi75. ISGl: 27;J3, :\m, 1865; 1564, 1592, 2709, 1866 ; 865, 

liiU.). 1S67; im\. Kill. 1H6H: m. IHSl; F. P. 71871, 1866. No U. S. Patents 
'AVIV Kranlcd to I'arkc.s in this connection (see U.8.P. 257607, 1882), althougii 
.1. I.cw11iw;utc patented (P.S P. I();i20tt, 1K70) a process for. costing fabrics with 
‘'l’nik(‘snH' or xyloinito," after >5p]ll and Hyatt had been granted their firat 
I S patents [jowthwaile (F.I’. 741, 1868), however,, was previous to the Hyatta 
(I'M’. 2101. 1870) in Knglami, although it may be that PLP. 3651, 1868, D. Blake, 
\va,s lakcn (nil for Hyatt, 

2. inthese lati'rpalcntshcprodiicedainatmalwhich was to an extent success¬ 
fully \ilil!Z(’il. and into wlvich cainplior entered in tlie shape pf spirits of camphor. 
Fniki's v\as th(‘ pioni'cr in the iwognition gf the usefulness of camphor as an 
jtigrcdiein in pyroxylin mixiiir(*s. Ily adding large ariumata of oils and resins 
to 111 !' compounds so us to liave the recpjisite total solids upon evaporation to dry¬ 
ness, lie forgot, or fail(‘d to ohserve, that the oils gave a weak and soft film, and 
a (imd product d( void of plasticity. In all tlic pat(*nts previously mentioneci a 
litiul was Rrsl iirodueed and from thi.'S fluid a solid mass subsequently obtained 
ly driving off the volatile constituents. ' 

• > .1 .V. ISG.'i, ,\() 6S:i, Dec. 1.), p. SI. 

I Ili>incthoil of inanufarture was to take 100 lb. of disintegrated or divided 
cotlon wiislc. oi .similar suiistaiuv, which was to be pla^d in an open vessel called 
a eonvertcr. Nitric and sulpiiurie acid.s were used in the proportion of one part, 
nitric acid, sp gr 1.420, to from 4 too jiarts sulphuric acid, sp.gr. 1,845, mix^ 
in a separate vcs.s(‘). and kept as cool as po,s.sil)lc^ Tlie mixed acid was pumped 
or forei'd up into tlie converter, ami the cotton. l>cing put into a hopper plac<Ml 
over the eoiiverthig vessel, fell into it through an opening at the top of the con- 
viu’ter. By the time the cotton was chargerl into the converter—usually about 
ten iniimle.s—the cotlon was sufficiimtly changed chemically. At the longest 
time twenty or thirty minutes would not be exceeded. The pyroxylin, with 
the acid, was Ihen allowc'd to fall tlirough an opening in the bottom of the 
convertor into a large box having a false bottom of jHirforated iron or wire gauae, 
six inches from llie real liottom. On tliat the mixed cotton and acids were allowed 
to stand for one hour to allow thi* exce.ss.of acid to drain away. The cotton waa 
fr(*ed from the remaining nci 1 liy being placed in a cylinder having a perforated 
bottom, and under a povNerful liydraulfc press. A hard cylinder of pyroxylin, 
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• to exploit his inveotioas at one time had a eonslderahle output, but 
on account of attempts on the part of the inventor to cheapen the 
product by brinsin;; down the cost of the materials to within the sum 
which he stated to his financial backers was the normal cost, and due 
also to favdty and incomplete methods of s(!asoning, whereby large 
amounts/of finished material were returned as unsaleable,^ the cap- 

containing only from /) tfv 20^^^ of acid, was thus obtained, and tliis was washed 
until neutral. 

When the manufactured substance was required for future use it was placed 
in a'machine (made for the purpose) to tear or disintegrate it into dust or small 
pieces. The divided cotton, on falling into a large box, w'as well w’aslietl again. Tin* 
cotton was put into a cylinder with a pcrforatcil bottom, and the water was 
removed by hydraulic pressure, so that only from Ti to 2l)''y, of llie witter 
remained. The sf)lid hard lump of cotton, now soluble, was broken up in the tearing 
machine, and, with the 5 to 20% of water, was dissolved in one or inon* of the 
following solvents; Vegetable naphtha (wood aleolio!) (jirevifuisly distillefi off 
chloride of calcinm, niangauose, or zinc), nitro-bcnzol, aiiiline, camphor, alcohol, 
or glacial acetic acid, or mixtures of thf'm, sufficif'iit bfung used to make a soft 
plastic mass, wdiieh was afterward strained through wire sies’cs, under liydraulic 
j)rosaurc, to s(‘parute any solid impurities therefrom. The plastic mass was now, 
or before it was pressed, mixed with tlie oils, gums, or colorKS necessary to prf»duce 
parkesine of any degree of hardness or flexibility, or of any color. Zinc chloride, 
cadmium iiHlhle, zinc or manganese oxalate, and other agent.s w(*rc employed to 
prevent the rapid combu-stion of the nitro-eellulose. The.sc w’ere claimeil in tlie 
flrst patent of ISo"), and others wx*re patented and made us(‘ of sul)se(piently. 

The preparation was then put into a rolli!>g machine, closed to jirevenl the 
admission of air, and was heated by steam passing into the roller, and an exhuvist- 
ing apparatus W'as employed to rtd.iirn the solvents to ve.sseU properly jdaeed 
for their reception. In from twenty to thirty minutes the cliargi' was suflicienlly 
blended and stiffened to 1x5 taken out, and was then rolled by ivvolving cylinders 
into sheets of any length or thietkness. Or, whii(‘ in a plastic stato, it was formed 
into tulx^H or other articles by dies or pn'ssun*. The whole of the operations, from 
the weighing of the one hundR'dweighI of cotton to the finishing into sheets or 
otherwise, took only from two to five hours, tuicording to circuTnstanc(5s. 

A ve*ry important advantage claimed for this material is that it could be 
united by means of its own solvent or cement, and in its use tb<*rc is no wa.stc, 
as all the scraps may lie reworked. 

l'lu‘ points of inieivKt and the advantages claimed by Parkc.s under his variou.s 
patents arc: “The prodiioiiou of solid nias.'^cs of jiarkcsinc of all colors, and the 
use of certain sulistanccs to prevent the ra})kl eombusiion of pyroxylin;’’ “ihe 
employment, of \’egcta))le naphtha, or alcohol, distilled over chloride of calcium 
or zinc, and the recovery of solvents;’’ “the first use of camphor, alcohol, nitro- 
lienzole, aklchyde, aniline, or glacial ao('lic acid, as solvents of pyroxylin, and 
of the gums used in tlie inanufivcture of parkcsinc;’’ “ tlic use of glacial arctic acid, 
with gelatine t.annic acid or gallic acid, and the solution of wet pyroxylin, thus 
saving all the time and risk of drying;’’ “the solidification of oils by the action 
of chloride of sulphur; ’’ “ the use of hydraulic machinery to expel acids and water, 
and also to strain the dissolved mass of parke.sine;” “the production of figured 
Hinl inlaid parkesine, and tlic imitation of ivory, pearl, tortoise shell, and other 
natural substances; ’’ “ the use of camjihor to assist, in rolling the sheets and working 
up other articles, and in various mechanical arrangements for tlie production of 
parkesine in a cheap and rajml manner;’’ “tlie use of iron vessels in making 
pyroxylin; ’’ and “ the application of the new material to the insulation of telegrapli 
wires,” etc. (Sci. Am.) 

1. While, at the I^aris Exhibition this company w'a.s fonnecl, and immediately 
establishcfl in I.ondon. Parkes threw all his energy and rights into the project, 
and took common slock with tlie other shareholders. It appears that Parkes had 
given too low' costs of production, and in order to substantiate his previous cost 
estimates, he made the material within th(f price he claimed, but at the expense 



CELLULOID AND THE PYROXYLIN PL.\STICS 


571 


italists who were hacking Parkes withdrew financial aid, and the 
company, in 1807, was obliged to suspend operations, which were 
never resumed.’ 

Daniel Spill and Xylonite. It is stated that Spill was associated 
with Parkes in some of his work, and if so, no doubt saw opportunities 
which 1he latter had not taken advantage of to the greatest extent. 
In ISOS, the year after Parkes wa.s obliged to suspend operations, 
Spill was granted his fii-st j)atent in England ^ for a pyroxylin com¬ 
bination in ah-ohol and ether and to which he gave the name “ cotton 
xyloidine ” or “xylonite,” taking the name xyloidine from Bracconnet’s 
term for nitrated starch. His process differed from that of Parkes 
in employing a smaller amount of total solvent and using ca.stor 
oil to increase the amount of total solids and introduce plasticity 
into the finished product. Ihit there was soon found a limit to which 
the ratio of castor oil and jiyro.xylin could bn united without produc¬ 
ing a soft- and woiihless film. >Still a large amount of .solvent was 
ic(|uired, and although he patented and used acetaldehyde and availed 
lum.self of the anhydrous solvents dt'sciibed by Parkes, the general 
ijuestion of solvents lay at the bottiom of the iiractical difficulties in 
manufacture. ,\ft.er the jtyroxylin was dissolved, the problem still 
was how to get rid of the solvent so that the conversion of the dis¬ 
solved material from a thin fluid int.o a semifluid state, oi into a sub¬ 
stance tluiL would become hal'd could be accomplished in a (juick, 
economical manner. The only method was evaporation. Spill 
gradually a,chawed success by his advances in solvents (see page l.Tl), 

of (|iiality. In order to produce tons, wlierc perfiap.s they should tiavc hum contented 
at tirsi fo make |jouuds, I he finished product was sent out without complete (diin- 
inalion of solvents, and vvitli iuil litlie regard for uidformity. It is stated that 
enrnh^ scul out in a few wi'cks hcramc so wrinkled and contorted as to 1 its use¬ 
less I’arkcs, liowcrcr, laid down many of the fundamental principles of solvents 
which fntrin' workers used as a fulcrum upon which to hniid their success. His 
men. erroi was in altemptiiif; to induce pla.stieity hy adding l.arf?c! quantities of 
eaMor oil li* (ho pyroxylin, in which fie never could hai'c .sncceeiled. 

1. Ill connection with the develoimient of pyro.xyliii plastics in Engtand, 
nient.iou should he made of liii' followiiiK, who coiitrihuted to that advancement; 
1’. lierard (E.l’. (iU7, IS.'itn, walerprootiiiK wood hy altachiiiK a thin sheet of col¬ 
lodion to the wood hy means of ether amf jiressnre. \V, Tliisituwaito (E.P. 11,511, 
ISirt'i), prepared a picture transfer coliodion hy mixing utfier 100, ufcolioi 2,5, gun 
cotton 0 and ammonium iodide 2 (jeirts) I’. Rerard (10.1’. 1S80, 1S84, 18,57) a 
process for manufaelnring nitrocelhiiose. .1. Mindiitosh and 0. Rhodes (E.P. 734, 
18,50), nitrated ‘‘sawdust of white pine” to prodnec waterproofing compositions. 
S. Barnwell and A. Rollason (E.P. 01.5, l,S,5i); 2240, 1800) mamifacturc of nitrocel¬ 
lulose. M. .Mennons (E.P. 277.5, 1800) imitation hats and homiets made of straw, 
chip, etc., arc molded from a iilaslic composition formed of .semiliuid collodion, 
powdered cotton, and castor oil. .M Henry (E.P. 14;54, l.StiO), manufacture of 
pyroxylin. M. Cartwright (ILP. 3(i.5, 1863), plastic composition of india-rubber 
and parkesine. I'hese all antedated the work of D, Spill. 

2. The Spill patents arc U.S.P. HI377, 01378, 1)74.54, 1809; I01I75, 1870; 
E.P. 1816, 2666, 1867; 3084, 1868 ; 3102, 1809; 180, 787, 1017, 1620, 2649, 1870; 
1739, 187i); F.P. 85309, 1809; 88808, 1870. 
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his last process beinj; patented in 1875,* and two years later ^ the 
British Xylonite Company, Ltd., was incoriiorated, which took over 
the business of the previous firm of Daniel Spill & Co.’* 

Zylonite in the United States. Spill early extended protei'tion 
of his processes to the United Statc.s by means of jnvtents taken out 
in his name in ]80y“70.'* L. L. Brown, a businc.ss man of Adams, Mass,, 
being aware of the apjiarent success of the Hyatt Bros, with thcii' 
celluloid, opened negotiations with the Hnglish firm of Daniel Spill 
& Co., and acquired their right to exjiloit the Siiill American jiatents. 
As Brown was not a technical man, it became necessary for him to 
associate himself with one, and as the lloosac tunni'l was in course 
of construction at that time and scarcely five miles distant, he secured 
the services of the chemist in charge of the hlasling there, (1. Mowbray. 
With technical equipment and abundant sc.mples of mateiial pio- 
duced in England as a guide, a comiiaiiy was formed, and a small 
factory erected in Adams, Mass., in ISSl S2. .\s he iii'oposc'd to make 

a material similar to the English xylonite, he called it the .\mei'ican 
Zylonite Company.-'* The technical advances of this conqiany arc 
chronicled in the patented processes of Mowbray, .). Edson, who left 
the (Iclluloid Company in Albany and joined tin- Zylonite Company 
soon after their organization, 11. Schuiiphaus, and olhei's Bai'lly 
as a result of litigation ** this company becami' absoi-bed by thi' Cellu¬ 
loid Company in 181)0, and thus jias.scsl out of existcmce. 

1. E.P. 17:59, 187, 

'2. .lime 115, 1877, as stated in the .luhilec Bnichiire issued liy the ('om|iuny. 

T1)0 Iliinicrton Mfg. was (‘stublislu'd iti 1S77, and in lS7d was inala- 
piniated with and merged into the UritiKh Xvlonilo Co. 

4. U.S.P. \n:i77, Ui:i78, 97454, 1SG9; 1()117:>. 1870; 97154 fairly irpH-sunU tlu* 
('Xtont of information whirli Uio piihlir or anyone else possesed at tluit time on the 
(juestion of pyroxylin solvents. Tlu‘. vUseovery that camphor was a solvent of 
pyroxylin without the admixturo of a liijuiil, altiioii.iih rhemically important, was 
not practically available in the art liy reason of the danjit'r of explo.sion of the 
pyroxylin wlnsi the compound was heated to its mcltinjj; point, llis most iinptiiLant 
.\merican patent is 191175, in which cotton or other venetulde fibiT or liKiiino is 
reduced to a finely divided state; mixed with tlie aid of mecliaiiical means in a 
ves.s«‘l having revolving arms or beating liars, with a suitalilc quantity of acid; 
the acid strained from the filuT; the product pressinl to remove exe<‘ss of acid, 
and tlie pressed mass tlien opened out, washed, drained, and dried. J'he xyloidine 
i.s bleached directly after the removal of the acids and befon* removing it from 
the vat by means of any iileaching solution, making use of alternate stirrings and 
rest. It is dyed after draiinng and before pressing, liy any filier-dyeiug process, 
either before or after the solution of the same in suitable solvents. i''or sjireading 
upon falirios 1 part of xyloidine is dissolved in from 5 to 12 parts of solvent, strained 
through a fine si(‘ve under pressure, and spread on the faliric or surface in a .semi¬ 
fluid condition. To reduce it to a nearly dry slate tlie strained solution or 
paste is tn*ated in a closed mixing vessel connected with an exhaust apparatus, the 
vessel l)cing heated to about 100°. The solvent vapors that pass oil are conden.sed 
for reuse. 

5. American name pronounced “ ZyMow-nite,” “ Zy ” as in “ enzyme.” English 
name pronounced zil'-o-nite, ” il ” as in “ Spill.” 

0. Spill came personally to the United States and sued the (’elluloid Co. for 
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Pyroxylin Plastic Development in Europe. The first pyroxylin 
plostie factory established on the European Contiiient was that of the 
“ Compagnie Eranco-Americane,” who ooiuiuenc.ed the manufacture 
of celluloid under the Hyatt ])atents, in Stains, at St. Denis, in IS75. 
15y an arrangement wilh this firm, the nd)bcr-conib factory of Magnus 
it. Co. took up the manufacture in Berlin for a short time, but dis¬ 
continued, apparently on account of difficulties in Ihe prepaiation 
and ])roiJcr seasoning of the raw plastic. The continued harsh criticism 
of the jjlastic from compiditors in other lines and the press as t.o the 
dangers in manufacture and inflammability of the material jiroduced, 
utidoubtedly did much toward deterring caj)ital from investing in its 
l)re|jaralion. But at the Paris Exposition of 1S7.S the e.xhibiiion 
of novelties producisl from celluloiil was so extensive and beautiful, 
showing that, the field for disposal w'aiS jiractically limitless and as 
yet undeveloped, (istalilished confidence as to the soundness and i)er- 
petiiity of the industry. The first celluloid factory established in 
(lermanv commenced o))eralions in lS7Sat Otfenbai'h on the Main, and 
is in acliv(‘ opeiafion at. tlu' jifcsmil tilin' under the name of Schreiner 
it Sievers. .\t a later period the firm of Dobler Bi'os. in Berlin followed, 
and for several years these two firms were most iirominent in the manu¬ 
facture of pyioxylin [ilastics in (iennaiiy. 'I'hc first raw celluloid 
fact.ory~ai distinguished fi'om smaller iflaces which simply mani]>- 
ulated into ornaments the celluloid already iiroduced—commenced 
))i’oduclion in l.S.Sd, when the Uheinischen ilartgummiwaarcnfabrik 
in Mannheim, at tliat time managed by E. J. Beiisinger, in a small 
but cousi.vative manner, manufactured celluloid tubes, rods, and 
sheets. The nil rocellulose was dried instead of hydro-e.xtracted and 
the wat.er I'eplaced by solvents, luit owing to an explo,sinn of one of 
the illy-houses in I.S,S2, in which one man lost his life, the government 
e,\j)!'i.sives inspector forbade the manufacture of the product on the 
ground that he was oitposed to unknown and hence uncontrollable 
forces. Bensinger then purchased nitrocellulose from E'rench and 
otlier (icrman concerns, and converted it into [flastic by means of 
camphor. Erom the.se comparatively insignificant beginnings the 
industries have develojted on the Conlinent to their prc.sont magnitude. 

The, largest pyroxylin jilastic manufactory in (iermany at the 
present time—the (funimi- u. Zelluloidfabrik zu Mannheim—profit¬ 
ing from previous e.xperience. jirepares iutrocellulo.se at Rheinau, 

usiiin a mixture .if campimr ami (iraiii ulc.ilu)l. iiml won. Celluloiil Co. then used 
eainphor amt wooil alcohol, .amt Spill suc.1 again. At the .second trial it was proven 
tliat Parlies, ami not Spill, was the first to ileserilie the use of camphor wit.li alcohols, 
hence .scciiml .suit was lost to S|iill amt first ili'cisiiiii ap|icaled and reversed. (Spill 
vs. Celluloid Mfg. Co.. T2 BlatchforJ C.C.R. till. 
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where it is converted into plastic, and in a jellified condition is trans¬ 
ported in air-tight cylinders to Neckarau, to be formed into the finished 
materials. 

Development of Plastics in the United States.* Among the 
earliest inventions in the United States which contemplated tlie com¬ 
mercial applications of collodion other than photograpliy and medicine, 
and in line with modern plastics, are tin; processes of tl, W. Ray - in 
1865 in hi.s attempts to produce waterproof imit.ation litum collar.s 
and cuffs; ,T. A. Cutting of Ro.ston, in hi.s J'lP. of LSoU and U.,S.J'. 
31057, of 1801, in which he endeavored to obtain a suitable adhesive 
material for the glass sides of an aquarium; but especially to W. 11. 
Pierson of New Orleans. He obtained the first IJ.S. patent* for “ a 
plastic to be eniirloyed for manufacturing purposes generally,” which 
covered about the same ground as Parkes, except that Pieivson showed 


1. For rdsum^ of nrtilicial irlastics see F. Rcltzcr, Mon. Sci., I'lOS, (I), 22. .WII 
MS; lllUi), (1) 24, M.'>, 202; see also Ding. 1‘olyt., ISSd, 2S.'>, 200; l.ssi, 2;t!l, 02; 
Wagner's .lalirsb., 1S7S, 1102; l.SSl, ill!); M. Tui-in, J,e (li'iue Civil.'lilOI. 41, 1.V2, 
170, 100, For “History of (Vllnloid Tmlii.sti'ies” see (inni. Zlg., 11, ,S1,5, and Klein, 
Z. aiig. Uheni., 1007, 20, 010. For geiiD'id iirlicles on cellnloid iiinl pyrovylin 
lilastic manul’aelure, see Ilium. W. HI., 1S70, 770; Iron .\ge, 1S7'.I, 23,’No.'21; 
(lew. HI. Scliw., 1S70, 4. 100; Jour. Friudo Inst., 1,S7!), 107, Olll; I’lipier Zlg.,’ 

I. S70, 4, J.ll; Orgell)., l.S.SO, 2, •J.W; Ind. Zlg., LS.SO, 21, O."); Teeliniker, I.S.SO, 2, 
71, 102; Tlschl. Zlg., l.S.SO, ", 71; Dlngl. I’olv., l.SSO, 23.>, 20:i, Nature, l.ssil, 
22, 370; (lew. Ztg., IS,SO, 1.',, 143; Man. liuild.', ISSO, 12. 7; Men. ,Sci., l.sso, 21. 
000; Fiiiner Ztg, bS.SO, 10."); Sci. .\ni.. ISSO, :1017; llutin. Zlg., I.S.SO, No. Hi, 
p. 11; Wahl, Hull. Musee, LS.SO, 77, 101; De Leas, Tijdseljr. lujv., l.SSO, 43, 3S.'); 
Sailtler, lav., l.SSO, 1, .570; ,1. Hnelnlr., 1SS7, .54, S70; Ei.sen Ztg, 1.SS7, .S, Olil; 
Z. F’ap., 1,SS7, 1, 724; Iron .Age, l.S,S7, 31). No. 2; Wahl. Jonr. Franl;. Inst., 1SS7, 
lOS, 102; Sadtler, Sei. Am., 1,SS7, p. 00; v. 10, 22."i; ('hem. Ztg., ISS7, 3, 3.5; Engl. 
-Mech., 1.S.S7, 211, 1.51; Pol. Not, HI., I.S,S7. 31, 210; Z. Ilursten, INOI, 14, 2.57; 

J. S.U.T., LSOl, 10, .571; DrOna, Inv. nonv. ehirn., 1S02, 2S0; Z. Di-eehsli'r, IS02, 1,5, 
200; Ma.schinenl)., 1S02, 27, 11; Hoghen, ()a,s l.ighl., IS!)2, .57, 77: .Sclinh. Ind.' 
ISOO, 22, 2; (iuni. Ztg., ISOO, p. 22; Voight, Z. V. dt. Ing., ISOO, HI, .5'21' dniii’ 
Ztg.. ISOO, 13, 020; (lewerh. Ztg., ISOO, 01, 2s:i; Z. Hnrsten, ISiiO, 10, 2.5; Fiseiig., 
l.SOO, 20, OSO; Hayr. (lew. HI., i.stIO, 1S.5; (luin. Zlg , ISOO, 14. 10; (lew, lil. Wiirl., 
1001, .53, 200; Stuhling, (Vllnloid, 1002, No. 2. ]>, 0; .\ndes, ('lu-ni, Ztg , 10112, 2(h 
47.5; MargoBches, (tell. Tnd., 1003, |>. 2.5; WhileiionBe, Lc (iihi. Civ., I0():i, 12, 2.52; 
.\ndes, (them. Ztg , 1003, 27, 21s,■ Margraf. Z. Drech.sler, 100,5, 28,175; Dhonmiei'l 
Rev. tech., 100.5, 2(1, 372; Cellnloid, 1007. 8, 27: Stuhling, Ihid.,107; Z. Hiirslen' 
1007 , 26, i)57; Ibid., lOO.S, 27, 3.55; Chein. Ztg.. 3, 0,5; Sci. A;n., 40, 225; Eng! 
Mechanic and World of Sci., 20, 151; PolyU'eh. NotizI)., 34, 240; Iron .Ag(‘, 23, 
21; 24, 26; .lour. Frank. Inst., 107,334; Papicn- Ztg., 4 . 2.51; For " Mmiufaetui’e 
of (telluloid .VceumulalorB,” see AVinkler, Croinj)lon and Iloweli, Ding!. Poly., ISOil, 
21(0, 277; Iron -kge, 18S7, 24, No, 20. For pre])aralion of llic Rihlie aecunm- 
lator (thin plates covered on both sides with i)erforated celluloid sheets), see El. 
Anz., 180S, 1;5, 141. For manufacture of celluloid mud guards, see Ind. Rubber, 
1S97,14, 302. 

2. U.S.P. 48230, 1.805. 

3. E.P. 1038, 1854. 

4. II.S.P. 0.5267, 1S67. His formula No. 1 consisted of jdaslic cotton 1, wet 
with alcohol and other each 2 (all by weight), the iidxturc being appliecl (o cotton 
batting or equivalent Ober, anil allowed to solidify by drying. In formula No. 3 
he rendered woven or other raannfaelured cloths waterproof liy means of pyroxylin 
1, ether 8, alcohol 8-24 parts (all by weight). 
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a clearer concept bf the particular cellulose nitrates applicable -for a 
definite purpose, and the factors of time, solvent, and heat necessary to 
produce a given result. Pierson, however, kept away from castor oil— 
the stumbling block of Parkes and Spill. He worked most industriously 
and intelligently on the lu'oblcm, but to the serious detriment of his 
health, for hi.s mind temporarily gave way, and after several years 
of sickness and slow recuperation, by the time he had sufficiently 
regained heaHli to continue work, the problem had slipired from him 
and was in other hands. 

Much work was being done along thos<! lines in endeavors to make 
a successful dental jdate without rubiror, and all were apparently seek¬ 
ing to decrease tin; amount of solvent, usually by the u,se of castor 
oil. They all found tlie oil would come to the surface during evapora¬ 
tion and “fry out,” and upon the continued heat ncco.ssary to evapora¬ 
tion of thin solutions, the oil was prone t.o turn rancid. So C. Seeley * 
said “ Let us use a glucose of low nitration, which cannot turn rancid 
and which gives a flexible compound.” No one, however, cared to 
e.xpei'iment with the e\i)losive substance, although it c('rlainly did 
imp.url great Ilexibility to the resultant film. J. Kendall and II. 
'rresli'd- in their piocess for coaling textile fabrics with pyro.xylin 
laid down many geiieializa,lions which hold good to-day. J. Mts 
Ckillaiid " and 1.. Stieetei,' both dentists and working iiidepeiideiitly, 
devised various modifications whereby the amount of solvent reijuired 
l)er unit of |)yi'ox\lin finally obtained, was becoming less, their cll'urts 
being bent eutiiely on producing a satisfactory dental plate. I'lach 
inventoi - inadvertently or otherwise—incorpoi'ated facts in their 
desci'ibi'd prove,s.si's which weie taken advantage of by their contem- 
])oraries, and in this niannei by the gi'adual accumulation of reliable 
(lata, the inoblem was nearing solution. So man}' seemed to fall 

1. I’>^.1’. ISiiS; II. ijiUkt! juitoiiU'il (!'..!’. IIKIU) iiilro^lyfcrolfor 

\ 111' siriK' pur pose. 

2. r.S I’ <S()SI1, lire ftibries ireiiiK iiiUMidetl an malerial for the maiiu- 

fjictiii’o of Irats and honnel'!. Kreiich zinc, <jr wliite loatl, vegcUdrlo oil and collodion 
constituted tJie iiu\ture. 

d. II.S.I’, !M)7(Ui, IHd’l; r)l>(), lS(iS, in wliieli in (‘ndeiivoring to make 

dental ])lates, lie siM'ks lo overeonie Hie lendeney to fdister Iry tire application of 
heat in the presence of Imv ]>oiliii|;-point holvf'uts liy the addition ol castor oil, uu l 
in U.S.P. 70221, 77d(H. iStkS (Heis.-niu* 11777, 377S, ISO!)) he endeavors to supplant 
the castor oil used by the Kii^disii l>y means of a vacuum. Whereas Mctlolland 
(Midi'avored to pel collodion to a liard, lioi-Tiy .slate l>y a vacuum, Hyatt succeeded in 
the opjKisite direction by preat pies,sure. The deixMuhmce phioed upon castor oil is 
clearly s!io\vn in Spill's U.S.P. !)7I")1, in which he tries many new solvents, but 
does iioj. reduee Hie amount of castor oil i)res(‘nt. In H.S.P. 001112, l.SOO, McClel¬ 
land first speaks of phi-sticity'’ as a property of collodion. Also U.S.P. I0r>S2Il, 
1S7(); ]I:1772, 1S7:1; F P. <S01M. 807)40. LSOO. 

4. U.S.P. 8822S, 88200, 8!)25;i, 80254, ISO!), in which little definite progress ia 
made. 
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into-the error of rosarding rastor oil as a solvent, and a desirable 
plastic agent working harmoniously with pyroxylin. 

But meanwhile the elejrhant, who once ro;>,.iued the forest and 
plains in great unmolested herds, Avas fast fading away before the 
hunter’s rilic; the great stores of ivory left, in the earth by a long 
line of ancestry were being rapidly removed; the tortoi.se turtles 
were being destroyed- by that ruthless human enemy who covih^ed 
their wealth; Nature’s provident stores of andrer so lavishly foi-misl 
by her cunning hand in the immense i)rehisloric foiesls of forgotten 
antkpiity had been mined nearly to exhaustion: the jiolyps weie unable 
to fast enough form their horny and calcareous secretion int.o coral 
in their silent workshojis under the sea. Manufacturei-s, merchants, 
workmen, and the peo])le were calling loudly for even gi-eatei- supiili(>s 
of these, indispensable articles. Tin; rubber trust was chai'ginge.xorbit- 
aiit prices to dcidists for their rubber plates. .\ iirominent New 
York billiard-ball finu ' offered a substantial reward for a process of 
prei)aring a satisfactory substitute for ivory balls, d'he pyschological 
moment for the advent of celhdoid ap))a.renlly had ai'rived. 

The Hyatt Brothers and Celluloid.- In istill .John t\ esiey 
Hyatt., then a printei- in .\lbany, .N. V., hearing of the jui/.e of ten 
thousand dollars offei-ed by I’helau ct (.'ollender foi- the ])atent I’ights 
of a procc,ss of manufacturing ivory billiard balls wit.lmul the \ise 
of solid ivory, turned his attention to the .solution of the problem. 
He tried the various gums, resins, and adhesives to be lound in 
the literature at that time, as a i-esull of which, although he was 
unable to produce a satisfactoiy billiard ball, he |)atented ilom- 
inoes, checkers, chessnum. Knife hairdles, and similar ar-licles' 
which, in general, owed their- merit to the conrhirrations of pigmerrts 
with resins, welded together by means of cousider-;d)le ])re.ssur-e, arrd 
with sufficient heat to lirprefy the r-esin at the tinre the ]ir-essitre was 
apidied. Tn common with other ])rint('r-s who harrdled tyjre corrsirl- 
erably, the tips of his fingers occasionally became rdrr-aded, and he 

1. Phelan A Collcndcr, of New Yor-K chy. 

2. From author's per.sotral interviews with Mr. .hilrti W. Dyail irr t'.tKl. For 
history of celluloid, inamrlaeture sci- Ihinn, Wochcnhl , lS7tr, :i0!t; WierK's 
(!ow(wh. Ztg., 1S7!I, 44, 2:'',7-, Fhlands W., l.Stitr (1), IS, Sll 

S. Described in fl.S.P. Slttil, IStil; S.AO.'rJ, IStiS; aUS.V.r, ISti.r; 7(i7ij,), IStiS; 
88633. 88034, 8n.')82, 912.33, 91234, liPJO.-i, 1809. The pigments, grrins, re.siri.s, 
oils, etc., rntrofluced in pyroxylin .sohrtrons hy lire earlii-r invenlor.s wer'e irr many 
cases no doubt used in the hope of making the eoinpoirnil more marrageable. 'I’hris, 
for iirstance, the early inves1igator-s started ont willi tart ethei--ale,<iltol as a solveirt, 
the collodions Ireirrg pahrted upon fal>rics or poureil upon glass, the irrevitalile 
result being ttrat the material irpon drying became hard and hritlle, (lie solid pyro.x- 
ylin alone, being left, which in itself was inelastieand immoldahle. Sheets fortned 
by pouring the material upon glass, if of any matr-rial tliickness, soon sliriveled 
up, threw themselve,s from the glass and became valueless. 
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protected tlicin by applying a little “ li()uid cutiele ” ' or collodion 
which was kept in the shop foi' that purpose, this being his first acquaint¬ 
ance with the cellulose nitrates. One day upon going to the cup¬ 
board where the vial of “ cuticle ” wius always kept, he noticed that 
it had tipped over, the contents run out on the shelf and solidified, 
and on account of the volatile nature of the then known solvents, 
the dried fihii had j)\dted away from the wood, the film when detached 
from the adhering bottle forming a i)ie<'e about the size of a thumb 
nail. It occurred to Hyatt that if a billiard ball could be enveloped 
with a film such as that, a distinct improvement woidd result. From 
this incident he turned his attention to experimenting with jiyroxylin, 
this being in the latter part of ISliS. ,\t that time and until obliged 
to modif\ his I .S.P. iJltill of LSfiO, at the suggestion of his attorneys, 
Hyatt was unaware of the experiments of I’arkes, Spill, or other invest- 
igatois, oi the fact of the use of camphor having been advocated as 
a iiyroxylin solvent. His first successful experiments consisted iq^ 
fonning an imii'r ball of paijer jndp pressed together by heat ami 
iulbesiv'c agents, which was aftei’ward coated by several immeisions 
in aui ether-alcohol pyroxylin .solution. In his ft.H.l’. Si)5S2 of ISOfl, 
a.n impioved compound of ivoi'v dust and other materials is claimed 
whcieby the “ i\’or> dust or othei' i)ulverized material is aggiutinaled 
by combining collodion therewith and subjecting the composition 
to pr('.-,sure during the evaporation of tlu^ volatile elements by meams 
ol heat."-' (Ireat jii'essure and Inait - the two faalors lu'ominent in 
bis previous jiatents, are utilized in connection with pyroxylin, but 
the,absence of r'anqdior I'esults in a non-itioldable composition. 

In I Stitt he was joineil by his brotuer, Isaiah Smith Hyatt, an 
ediioi- of liockford, HI., and with the exact mental ti’aining re(|uired 
in newspapicr work coupled with the nns'lianical genius and patience 
of 'be younger, ,J. H 3 'att, a careful series of experiments was con¬ 
ducted vith i)yioxylin in combination with ivoiy dust and various 
pigments, and ncaily alwav’s in conjunction with beat and jtressure. 
In the course of Ihe.se e.xixu'imcnts they tiled camphoi' as an adjunct 


1. lie oonnncnced (he manufaclarc of eonijiosition Inlliard balls with Osborn, 
.Newcomb A Co. ol -Vlbaii.v in ISiri In l.sus, wlnai experiments with pyrn,\ylin- 
coated balls had given evidence nl sneeess, tbe llyatl Manufactnrini: Cn. was forined, 
wbich later was channed In tlie Alliany Hilliard Hall Co., the lattiT lieing in exist- 
enee at Hie present time. The .Newark, N. .) , Sunday New's, .Vugust 21), ItlOd, enn- 
laina a five-enlumn illustrated article nii Cellnlnid written liy Mr. ,1. II. Stevens. 
See al.sn ‘‘Tlie Cellnlnid Industries. Cellnlnid. Snmo Information ('one.erning 
its Manufacture " St tiages, I2mn. .Newark, N. .1., ISSa. 

2. U.S H lIHill, Hyatt, and t’S.I’, lli:t77, Spill, were lintli granted .Inne t.'i, 
IHtil); “Celluloid ” as a trade mark was registered in the U. S. I’aliinl OHiec .Ian. 
11, 1S7H, as .No. 1102, and again in ISHtt, and emtiraees every article nianufactured 
hy the tYdluloid Co., even preparations of a liquid character! 
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to the pyroxylin. They were endeavoring to do away with the major 
portion of the solvent which foimed .such a stumbling block to the 
success of other workers. Whereas Spill, I’arkes, and others used 
large quantities of ca.stor oil to impart plasticity, Hyatt \ised none. 
On June 15, 1.SG9, they were giantcd U.S.P. 91341, “its essential 
feature being the employment of a very small (luantity of ether or 
other appropriate solvent, and dissolving pyroxylin thennvith, uniler 
a heavy pre.ssure, so that a comparatively bal'd and solid [rroduct 
is obtained, with great economy of solvents and saving of time.” ' 

In U.S.P. 10533S, 1870, is dcseribcd the method of condiiiiing 
the camphor in finely comminuteil condition with the ])yro.\ylin. the 
corresponding Hnglish patent being 1003, 1809. In the two above- 
named U.S. patents are clearly outlined the method of formation 
of celluloid and the genend ])i'inciples of plastic manufa.ctnre upon 
which all subsequent imieesses have been based. Parkes first used 
camphor' without apparently being fully awai'ir of its value, as a latruit 
solvent, the frequently repeated statement in technical liteiatin'c 
that the use of camphor in conned ion with jryi'osylin is a discovery 
of Hyatt being therefore err'oneous. What Hyatt, diil do was to 
discover the latent solvfuit action of eaniphor and to lii'st prepare 
solid collodion dii'cctly and without the intei'position of a Inrg" volume, 
of solvents which had to be subsraiiurrrtly I'emoved by evapoi'ation. 
He Kubstitrrted heat and prcssui'rr for the bulky solvent rni.xtui'es rrf 
his contemporaries, artil achieved suei'ess by itroehanicirl improve- 
irrents rather' than chemical discovei'ies. 

Hyatt fir'st irsed iryroxylin itt the eoatirrg of billiard b.-dls, atnl 
]ryroxylirt ]rlastic (by 1,his rttearring jryroxylirr irr contbirration with cam¬ 
phor and with but a srrrall arrrorrrrt rrf solverrt) in the for'trrirtiotr rrf 
dental plates in the car-ly irart. of 1870, irr which year the Albarry 
Dcntrd Phr,tc (krrnparry was or'ganizcd. Their first pr'odrrr't was a 
mixture of powder'cd pyr'oxylin, finely divided carrr|)h(tr, arrd a jririk 

1. 'The irretliorl was to mix the ittjri'erjiciits Ihrrr-rntfilrly, tlrerr itriforlurrr’ iiitrr 
a cyltrtiU'r and pour a sttral! arrrorrrrt ot srtlvrrtit in. wlterr tin' pirtrrrrt-r or itrovalrlc 
prirt rrf tire irrrtltl was iirrttrerlialrrly forcert arrairrst tire contents Ity a pressirre front 
.'r-20 t,(tirs per stprarc itrcli. Tire prcssirnt was prickly applied so that the solvent 
would be torceil irttir cirrrtact with every particle rrf the pyritxylitr before the di.ssolv- 
ittR prtK'.css had time trr coitrinettce. The darrtier of explosiorr front the sttdilett and 
trcnrcirdous pre.ssrrre exerted carrsed this method to be soorr abarrdrttted. Sec 
Hyatt’s patents, E.P.'2510, tStii); ‘2101. 1.S70; lt)'2.'t, 1S71; 3101, 1S72; lO'd.'l, 1S7,1; 
371,1, 1H77; S7.S, 1S7S; P.P. 007,12, IHIrO. See Itrilish .lortr. Dental Scienee, 1871, 
14 , 364. 

li. Diet?. & B. Wayire (U.S.P. 133060, 1.S72) nitrated rantit! fiber to produce a 
stronger pyrirxylin. In the coating ot billiai'il Iralls it was found (bat the bcavy 
impact towhicli (hey were freipicntly sulrjcctcil in normal u.sc softencil tire pyrox¬ 
ylin covering, and they were attemjtting 1n overcome this. Nitrated ramie Iras 
greater strength and ieuaeity of film than nitrated cotton. 
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(lyesiulT (probaljy magenta), and when this was molded in a tfie 
with lieat and lieavy pressure, a pink dental plate of fairly good 
apijcarance resulted.* Although the dyestuff was soluble in alkaline 
media (the .saliva) and the camidior taste was noticeable, the antagon¬ 
ism of the dental pi'ofession toward the rubber ti'ust and their extor¬ 
tionate methods was so st.i'ong, that they eagerly tried this new rub¬ 
ber .substitute and endeavored to iii'ike it succeed as a mateiial for 
dental plates and clkhes. Many industries linger for many years 
before becoming successful in their develo])mcnt, but the fonnative 
period had airparently passed bcdoie Hyatt’s time, or at least was of 
veiy short duration, for in a ])eriod of two yeajs the industry had 
grown to such magnitude that, considering the high initial cost 
of the powerful hydi'aulic ])resses and other machinery deemed nec- 
essaiy, it. was considered aiK'isable to adjuit cajrital and re-establish 
t.he l)usini‘ss on broader lines. In 1S7'-’ the name was changed 
to the Celluloid Manufactuiing Company, after 1. S. Hyatt., the e.\- 
editoi’, had named the maleriid “ celhdoid,” from cellulo.se and 
‘‘oid" meaning “like." New' York cajiit.idists were interested, 
and they suggesterl that it would be ailvisablc to e.stablish the pei- 
nianent. factory near iNc'w ^'ork city, where they coidd more naidily 
superintend the business. N’ewnuk was selected, ground purchased, 
and the er('i'tion of brnldings commenced in LS7ti, although the factory 
wars not. jiroductive \intil t.he following year. In 1890 the Celluloid 
Mamifacl.iii'ing Cominuiy and its allied interests weiu meigcd into 
The Celhdoid Company, at present caiiitalized at. six million dollars. 

In the nuinbci and extent of inventions, John \V. Hyatt was much 
more ])roducl.ive than his brother, and is often si)oken of as “ The ” 

1. Tiu'cxorbitiuit [iriccsoluirpod for rul)l>tT plates caused acute tension betweer 
the tknlists of the land and the rubber nuimifaclurers, and tlie former welcomed 
and tested ^;ladly any protluct tluit ujipf'uretl to offer relief from the use of vulcanizietl 
lubber. N<> doubt atb'inpts of the dentists of the country tu shake off the rul>ber 
trust sp'Tivd on investipitors and in this nmimer contributed in no small measure 
to tlH‘ Miccess of tlie early days of celluloid. 

In I’.S.P. 10r):i:iK, the Hyatts abandoned all lifjuid solvents, and started at 
llic solid end of the ))niblem, liehifi; in this respeet just the opposite from the Eiiplish 
invc'idors. Hein^ juaelieal men and realizing the cost and disadvantages of the 
large bulk of liiiuids, and liaving no pieeoneeiv(‘d ideas from familiarity with the liter¬ 
ature of the subject, the mechanical experience of J. W. Hyatt was brought into 
use and this led to tlie discovery that camphor at its melting point under pressure 
is a direct and energetic cellulose nitrate solvent. While camphor melts at 17.")° 
It liijuefiiis considerably under this temperature when subjecteil to groat pressure. 
'1}’(' Hyatts made pressure do what others tried to accomplish with solvents, and 
tiii ir success lay in keeping the ratio of solvent to pyroxylin low. W^heroas others 
dissolved pyroxylin in solvouts. Hyatts did the reverse and dissolved the solvents 
(cainyjhor and alcohol) in pyroxylin 

For develoyiment of tlie pyroxylin pla.stic industry in Italy, see V. Ravizza, 
I/lndnslria dhimica, 7, 2")-32. where an estimate of the first cost and main¬ 
tenance expense is giviui for a yilant having a cayiacity of SOI) k. of celluloid per 
dav. For Japanese celluloid industry, see Cliambcr of Comm. Jour.. Sim.. 11)10. 
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Hyatt. On November 19, 1S72, the Hyatt Bros, filed their U.S.P. 
133229, which outlined definite and exact methods of procedure 
for the various .steps of manufacture—claim.s sufficiently broad to 
apparently withstand subsequent litiRation. 

Pasbosene, Cellonite, and Pyralin.* About 1878 Jo.seph B. 
France started his work on nitrocellulo.se at Plainfield, N. J., although 
his first pyroxylin patent- was not granted until ten years later. 
In 1881 C. 0. Kanousc assigned to Albert Thalheimer^ of Newark, 
a process for the “ manufacture of plastic compounds from soluble 
fiber,” in which no mention of camphor or other plastic-producing 
material is stated.Thalhc'imer associated himself with .1. W. Hayes, 
at that time a letter carrier-, to wor k the Kanouse patent, under the name 
“ The Merchant’.s Manufacturing (’ontp.any ” and the pla.stic was 
called “ Pasbo.sene,’' of obscur-e derivation. Pasbosene was first 
produced in 1881 at Newark, N. .1. Two year's latr-r, this company 
united with Fr.ance and his Plainfield intere.sts in the for-matiorr of 
the “ (lellonite Company,” the name of the rrrateiial being chattged to 
“ (Vllonite.” Fnder- the technical leader.shiir of France, jrrogrr'ss wtis 
rapid and consistent, and in 188,5 the f.aetory was removr'd to Ariirrg- 
ton, N. J,, changed to the “Arlington iManufactiiring Corrrpatry ” 
and the product again to “ Pyralin,” t since which time it has b<'err in 
active existence. Pyi-alin, therr, is a pyroxylin plastic analogou., 
to celluloid, xylonite and xylonite. 

The Hyatt Pyroxylin Plastic Process. The nitrated tissue 
paper (prepared as described in Chapter HI) aftrrr- neutralization, 
is first ground in water until reduced to a tine pulir, by itrearts of a 
machine similar to that used in the gi-inding of jraper pulir. Any 
pigment, lake, or dyestuff that is to be incorporated is then ntixeil or- 
ground with the still wet pulp, or stirred in. Finely ]mlveri'/!ed 

1. For iaformution ia this topic and el.sewhero, llio iiutlior is indclitcil to 
Dr. Jasper E. ('rane,, present chemist of tlio Arlington (’ompany. 

' 2. U.S.P. :t92704, 1SS8. 

:i. U.S.P. 274734, 1881. 

4. Not the All^ert Thalheimer of Reading, Pa. 

5. Strictly speaking, the patent description of Kanouse did not result in the 
production of a plastic mass, camphor l>cing ahsemt. However, as lias lieen decideti 
m the United States Supremo (-ouri, and is stated elsewhere herein, the basal 
camphor patent dates back fo A. Parkea, E.P, 1313, ISfi/i. This was established 
by litigation between the American Zylonite Company, and the Celluloid C'om- 
pany, in which the former obtained judgment on the ground that .Spill’s U.S.P. 
94454,1809, was the first inenthui of camphor in connection with pyroxylin. How¬ 
ever, in an appeal which resulted in a reversal, it was shown that Parkes, not Spill, 
l ad prior claim to this point, and hence the use of camphor with pyroxylin was 
thrown open to anyone in the United States. Kanouse apparently took advantage 
of this fact. 

6. Later and at present “ The Arlington (’ompany,” H. S. (’hapman, its present 
president, was associated with France in his earliest experiments at Plainfield. 

7. Derived from “pyroxylin.” 
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camphor’ is then mixed with the ground pulp in thp 
1 part camphor (by weight) to 2 parts pyroxylin in the dry 
the proportion of which may lie somewhat varied, still iB^tl 
result. In the original Hyatt process the camphor was 
ground in the moist pulp in order to obtain a most intimate u 
the mas.s being allowed to .stand for several hours and protected 
the air, for complete dissemination of the camphor to 
'I'lu^ compound tlius prei)ared is placed in a hydraulic press’, 
jected to great j)re,ssiire, resulting in the formation of cakes ^ 
about 12 in. diametei' and } to I- in. in thickness, it being impractioaj^ 
to attempt to absorb moisture fi'om a cake of much greater thicjcnesil.' 
'I’he cakes are then laid in a pile wit h a sheet of blotting paper ‘between 
each,'* the whole being subjected to hydraulic or other pressure, th« 
sets of blot,tors being changed several times after successive presses.' 
During this ])rocess the com]5ound is protected from the air, tlyis 


1. IlyiiU preferred to cranmimite thecaraplior by raakiiiK a saturated solution 

ill ethyl aleohol and preeipilate it in .an impalpahlc form hy means of a large volume 
III water, the idea lieing to liring the pyroxylin and oampbofti) tlie finest state o^ 
hiihdivi.Mon, that the converting action may lie induced under the moat favorable 
circunislaiires III her metli(iil.s of pulverizing camphor arc grinding with a small 
ninimiil ('2 'i''/,,) alcohol, when the camphor liecoincs a friahle mass easily reduced 
111 |iow,ler. liollirig vvitii a .small ainoiinl of magnesium oxide or carltonato is said 
to he a ipiiek and efficient method of treating large quantitie.s. The ease, with 
wliich eamplior pulverizes depends in a large measure upon its freedom from camphor 
oil. Ihe preseiiee of the latter inercasiiig the difficulty of powdering. . ■ 

2. \s explained liy the llyatlain I'.S.P. 1.50202,1.S74, tliey ftaiiid that the heat 

of a pair of rolls of about 5I)-'S5“ was about as liigli as it was praoticalde to carry 
the lieat. .“^pill used an active solvent and hence obtained a dough-like mass whicli 
was not plastic. Hyatt took cami>lior alone as the latent solvent, hut the tempera¬ 
ture l■el(lIired to oiitaiii the solvent aetion was so liigh as to make the process 
a very dangerous one. In ordei' to olitain the full value of the wilvcnt action he 
look S II). aleohol and 1 Ih. eamplior and diffused it thoroughly Ih’rough a ccllglose 
nilralc wliieli was not readily attacked liy tlii.s mixture. He tlien tiroiight out the 
ilorriuoit and resiraini’d solvent aclioti aftcrwaril liy jiressunn ma.stication, and 
hyilraulic pressing. Tliis eiiahled luni to control tlie amount of solvent used, and 
In gradually reduce it to the lowest economical liasis. In U.S.I’. 1874, 

I',, realized iliat only enougli alcohol was needed to dissolve the eomhined camphoi 
and pyroxvlin. One Ih. [laper pyroxylin is a bulky mass and reijuires 7-8 lb. alcohol 
1o w'i it flioroiiglily. But by grinding the wet camphor and pyroxylin together, 
llie bulk was reduced many times, .so that 1 lb. alcohol would cfl'ectually wot 1 lb. 
]iyroxylin In this manner, Iheivlore, ttic bulk of solvent was reduced to a point 
just sufficient to dissolve the mass only upon the application of heat and great 
pressure, thus utilizing the two desirable properties—the camphor for plasticity 
and the alcoliol for easy manipiilalion -to their greatest extent,. He made pressurf 
do wliat Olliers tried to do with a large tmik of solvent, and he succeeded becauat 
he ground tlic ingredients together to an impalpatilrpowdcr, and therefore operated 
upon a bulk very small in comparison with that of others. In thi.s connection set 
.1. Stevens, U.S.T. 2ri'.«4a,'lSS2; ,1. Hyatt, IJ.S.B. 24tifi78, 1881. 

3. McUlolland patented a motliod of pressing out solvent from pyroxylin by 
means of alisortient pads. When Hyatt's fl.S.P. 13322!) ap[>eared, McClelland 
instituted suit for infringement of patent, liyatt, however, showed to the natiafac- 
tion of the court that he had so lit tle solvent present that he pressed out and there 
fore there was absorlxxl by the pads only water and ni* solvent, and on this pom' 
McClelland's suit was thrown out. See J. Hyatt, J. Stevens, W. VVppd I' S.P 

"oyn 1884 . i,n th’s ennneelion. ‘ 

■ 'ill 
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preventing the evaporation of the camphor and also all liability i)f 
ignition of' the material. When dried the material is then ready 
for conversion into celluloid.' 

I This is accomplished by placing the mixture in a mold of any size 
or form, which is heated by steam or by any convenient method to 
80-150°, depending on the size of the mass and proportion of camphor, 
.and at the same time subjeiding to heavy pressure. The heat, accord¬ 
ing to the degree used, vaporizes or liquctics the canii)hor, and thus 
converts the latent into an active pyroxylin solveirt. Hy this com¬ 
bination of heat and pressure, every particle of i) 3 'ri)xylin conies 
in contact with a jiartii’le of solid camjihor or is jicrmcatcd by its 
vapor, the nosnlt being the formation of a homogeneous body, which 
gradually hardens after cooling and as the cam))hor evajioratcs. Hcfoie 
the camphor becomes evaporated, the material is readily moldalile 
by heat, and upon solidifying “ neither changes nor apjireriably 
shrinks.” 

The Manufacture of Pyroxylin Plastics.- Of the several 
meritorious methods known •< for the preiiaration of pyroxylin iilas- 
tics, all (ire now produced by what is known as the ‘‘w(“t iirocess,” i.e., 
with the addition of solvents in order to lower the temperature of 
conversion of pyroxylin into plastic by camiihor or analogously act- 
ing'body. The classifications based upon wi't and diy irrocesses and 
described in various works are now obsolete, due to the fact that the 


1. The first mention of cclluloiil occurs in U.P.P. Li;i‘220, 1S72. In lliis .'iml 
U.S.P. 91:541, IStii); l(K;i:W, 1S70, and E.l’. KitW, I.SliO, the process of plastic forma 
tion without liquid solvents is clearly descrihod. Suhsequeotly a small anioum 
of spirits of t\irpentine or alcoliol wa.s used with the canqihor to reduce file melt¬ 
ing point of tl>e latter, in ordei- tliat conversion might take place at a lowi'r temper¬ 
ature. When it is remembered that the melting poiul of camphor (17.')°) is above 
the decomposition ]>oiut of cellulose nitrate, ttie desire to lower the conversion 
point of the fonner is evidetd. .\nother point is tiiat discoloration at 17.'i“ of the 
whole mass was prone to occur from incipient deesjmpositioii, and tliis could be 
remedied only by a reduction of “ solvent temperature.” 

2. There is a wide distinction Ix-t-woon the manufacture of “ pyroxylin plas¬ 
tics” and " pyroxylin plastic goods"; tiic former can only be carried on in a large 
manner and calls for the uivestment of large .sums of money for meclianieal wpdt)- 
ment, and is carried on profitably only when the outinit is considerable. The 
manufacture of pyroxylin plastic goods, on tlie otlier liand, calls for the use of com¬ 
paratively inexpensive mechanical apitliatices, and is carried out by a large riunilicr 
of different firms in a small way. A great deal of “ raw ” plastic is worked up l)y 
hand in molds simply plunged into hot water for shaping tlie v.arious plastic 
.forms. While the working up of celluloid shwts into ornaments is often carried 
on in the house by piece-work. For ” Frecautionary Measures in Working Cellu¬ 
loid,” sec Ztg. Feuerwehr., 1898, S7, 17. For “ I’recautioiis Observed in a Frcncli 
Celluloid Works,” see Fabriks-Fouerwohr., 1908, l.l, 20. 

3. For the process of Oillet (camphor .50-80 k. in alcohol, adding 2O-.50k., 
—md proceeding in tlie regular way) .see F.P. 35285.3, 1905. The com- 

V Goetter (U.,S.P. 507144, 1898) composed of nitrocellulose 96, wood 
.Jitttl amyl acetate 28 (all parts by weight) is claimed to be clastic, but 
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original dry process of Hyatt, in which the.camphor and pj^xylm 
were converted by heat and pi'essure alone and without the 
tion of a temperature-reducing fluid, is now no longer used oh account 
of the danger of discoloration and decomposition of pyroxylin at the 
high tem])erature required to liquefy the camphor and thus -exert 
solvent action, the dangers attendant upon exposure of the nitroc^lt- 
lose to elevated temperatures, and the fact that-there were no, 
compensatory advantages to counterbalance the disadvantages ‘just 
slated.' 

'Die wet process is rationally divided into (a) addition of alcoholic 
solution of caitqdior to the pyroxylin, and after allowing the pyroxylin 
alcohol and canqihor to stand together for a number of hours; mastica¬ 
tion under lu’ated rolls with pressure, and (I/), the process used almest 
exclusively in the riiiled States and to be described in detail, wherein 
the moist jjyroxylin and camjrhor ai-e first ground together into intiniate 
juxtaposition, then Ihe alcohol added by sprinkling, and after several 
hours allowed to elapse for thorough penetration of the fluid into 
the mass, pliisticity is given by heat and pressure, welding the mass 
into a homogeneous body. Where the |)rocesses involve the use of 
crjiisiderable anumnts of fluids with ))yi'oxylin and camphor, while 
rei|uiring the expenditure of less capital for power, equipment 'and 
maintimaiice, possesses more than the counterbalancing disadvantage 
of the unavoidable lo.ss of solvent due to evaporation, even with the 
most modern methods of refrigeration and rceovery. While. the 
purely mechanical methods ha\e the nndisputable drawback of requir¬ 
ing large initial cash outlay, this is the only point in its disfavor. 

The manufacture of modern ))yroxylin plasties may bo described 
as comprised in the following distinct stages: 

1. Nitration of the cellulose (paper) as described in Chapter III. 

2. Bleaching of the nitrated fiber. 

,3. l’ul|)ing or reducing the [lyroxylin to fine powder. 

I. Mtention is drawn to tlic fact that wherea.? in the usual development of 
an it.dustry, the first iiu-tliods and inaehinery are. gradually replaced hy others 
more productive (U inc.xpensivo, until often in a few years the industry has been 
so eom])lcteIy revolutionized in its methods and commercial demands that the 
original devices and manhnilations are discarded a.s olisolete. Pyroxylin plastic 
manufacture forms a notable exception to this apparently well-estahlished experi¬ 
ence, for file devices and rciinemenls patented by Hyatt and others many years 
ago, staml to-day wiili Imt unimportant refinements the best examptes of plastic 
praelice, ami are iiseii in essenlially their originally described form. Lor this reason 
it must not lie inferri-d hecause a patenteif process of perhaps thirty years' stand¬ 
ing i.s licserilred in full herewith, that more efficient and modem methods have 
Biipplantnl it. Tlie methods ami manipulations of pyroxylin plastic manufac¬ 
ture as used at the present time are developments of a decade of more ago, and 
the reason so iittle authentic in the way of information is obtainable in the litera¬ 
ture is due to tile zealousness with which these methods have been guarded in 
llieir important manipulative details. 
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4. Introduction of pigment, lake or dyestuff. 

5. Preparation of the camphor or its 8ubstitute.s. 

6. Mixing the camphor, pyroxylin, and solvent. 

7. Introduction of stabilizing agents for traasparencies. 

8. Dehydration of pyroxylin and camphor pulp. 

9. Recovery of solvent. 

10. Conversion of pyroxylin into plastic by heat an<l pressure. 

11. Preliminary seasoning by pressure. 

12. Formation of crude plastic into tubes, rings, rods, slabs, sheets, 
and other rough foims. 

13. Seasoning or elimination of .solvent. 

14. Cutting, molding, ornamenting, printing, and preiiaralioii of 
finished arti(de.s. 

15. Utilization of waste. 

Bleaching of the Nitrated Paper is resorted to only for pyroxylin 
intended for use in transparent sheets where the maximum freedom 
fi-om color is desired. .Although bleached tissue paper is used as the 
form of cellulose to be nitrated, it has been found that a whiter final 
product is obtainable where a light blea<'hing is given the nitisited 
paper before neutralizing. The two methods used are bleaching 
by chlorine as first described by D. Spill, and decolorizing by means 
of acid peimaiiganate as pi'aeticcd by Hyatt. 

In Spill’s method the paper after nitration is given a slight 
wash to eliminate the bulk of nitrating acids, then placeil in a cold 
'solution of bleaching ijowdci' of 2“ Twaddle strength (sp.gr. 1.01) 
whore it is allowed to remain for from fifteen minutes to two hours 
with occasional stirring, and until a sample taken out and washed 
when held between the eye and strong daylight appears unifomdy 
white and translucent. The excess of bleaching .solution is then 
removed by a centrifuge, and the nitropaper washed in the usual 
maniiei’ until the desired stability tests are obtained. It has been 
stated that the use of warm or stronger bleaching-powder solutions 
is apt to result in the foimalion of chlorine substitution ])roducts, 
difficultly removable by poaching and washing, and which, when 
present, are prone to induce decomposition of the cellulose nitrate. 
The neutralized pyroxylin should show no traces of chlori<les, when an 
acetone solution is mixed with a solution of silver acetate in ethyl 
alcohol. 

The potassium permanganate method of bleaching has the advantage 
of being milder in action and more easily controlled. The paper fresh 
from the nitrating bath is several times washed to eliminate all but 
traces of free nitric acid, and plunged into a 1% solution of potassium 
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permanganate, the pyroxylin taking on a light-brown color from 
reduction of the peimanganate. After agitating in the cold solution 
for a short time, steam heat is applied until a temperature of 40-50® 
is reached, when dilute (10%) oil of vitriol is cautiously run in, still 
with continuous stining, and until about 5% (calculated on the weight 
of the pyroxylin) has been added. After the acid has thoro<ighly 
permeated the contents of the tank, oxalic acid in aqueous solution 
is run in until the brown color of the. pyroxylin just begins to lighten. 
By contiinied agitation the color gr.adually lightens until all the man¬ 
ganese dioxide has been oxidized, as show'll by' the appearance of a 
colorless solution again. If the solution does not become entirely 
colorless a second addition of oxalic acid is lequired. The nitrated 
]ia]ier is finally l•(’rauvcd, washed free from acids and stabilized in the 
usual manner.* 

It is claimed that paper or cotton bleached after nitration is more, 
readily washed free from acids, more easily soluble in the usual solvents, 
and gives in addition to a more nearly colorless solution, one which 
will filter more readily and may be exposed to sunlight for a great 
length of time without assuming a yellowish tint. The use of sodium 
jieroxide, hydrogen dioxide, or sodium perborate has not given as 
uniform or satisfactory insults as the two methods described above. 

Pulping or Beating the Pyroxylin is curried on in a similar 
manner to that dcsciibcd in t.’haptcr III, the beating being continued 
until the paper has reached a slate of subdivision so fine that the mass 
has lost all structural identity to the naked eye, appearing as a pulp. 
It is important that, this subilivision of the paper be very thorough 
and complete in order to be assured of .a uniform union of pyroxylin 
and camphor in the subsequent converting process. The fineness 
can be quite accurately determined by drying a small .sample and blow¬ 
ing it, over the surface of a tilack glass plate, any insufficiently dis- 
itit( grated particles showing coirspicuously upon the dark polished 
backgrm.tid. 

Introduction of Coloring Matter. Those basic or acid dye¬ 
stuffs are employed which, when pure, readily dLssolve in methyl or 
ethyl alcohol with practically no residue. Where the camphor is 
mixed with the jjyroxylin by first dissolving the former in alcohol, the 
dye-stuff may be added in alcoholic solution at the same time with the 

1. According to .LS.t'.I., 1891, 10, .571, to the washed nitrocellulose is added 
three times its volume of water, containing 2% potassium permanganate, and 
tlicn left for an hour in the cold. The unchanged permanganate is then washed 
out and a strong brine containing HC'l is added. This mixture is alloweil to 
act on the nitrocellulose until the latter has changed from a light brown or yellow 
to white, when all acid is removed liy wasliing in the usual manner. 
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alcoholic camphor solution. In the more usual method of grinding 
the camphor and moLst pyroxylin together before adding alcohol, 
the dyestuffs are still dissolved in a small amount of spirit, paper- 
filtered from any salt, dextiin added as adulterant, or other insoluble 
residue, and this sprinkled over the pyroxylin-camphor mass in the 
converting box. It is especially important in producing transparent 
effects, and in those translucent articles as imitation tortoise shell, 
■where the opacity is due to dyestuff and not to pigment, that all dye¬ 
stuffs should be paper filtered before use, in order to eliminate the 
possibility of introducing undissolvod particles. 

With lakes, the major ])ortion is in.sohible in alcohols, pigments 
being entirely so. Two principal methods of introdvudion have been 
advocated and are practi(^od, which have advantages and disadvantages 
as follows: Where the pigment—usually zinc or magnesium oxide or 
carbonate—is added to the pyroxylin where the latter and camphor 
are to be mixed without the addition of solvent, the three arc ground 
together, the pigment imparting greater stability due to its presence, 
but hydraulic i)ressure dehydration is not as complete in the ren:;oval 
of water on account of the large bulk of interfering pigment which 
retains moisture. On the other hand if the i)igment is not intro¬ 
duced and ground with the other materials before removal of the 
water, it is more difficult to homogeneously incorporate the jiigment, the 
absence of which as a stabilizer may induce, incipient decomposition and 
discoloration on application of the enormous and sustained pressure. 

The customary practice appears to be first to dehydrate the pyrox¬ 
ylin in contact with the camidior or camphor substitute, then break uj) 
the cakes and add the pigments finely ground, mixing pigment 
pyroxylin and camphor together as thoroughly as possible, after which 
the alcohol is added to start conversion. Any soluble stabilizer 
introduced goes into the mass with the alcohol. 

Preparation of the Camphor or its substitutes for ineoqjoration 
with the finely divided pyroxylin was formerly done by preci])itating 
an alcoholic camphor solution with water, filtei'ing off the finely divided 
camphor and adding tliis in a moist state to moist pyroxylin, where, 
after thorough admixture, the excess of water was partially removed 
by pressure between pads of blotting paper. It was found, how¬ 
ever, that if the natural camphor was finely ground with the pyroxylin 
no previous division was necessary. If the camphor is to be added 
in solution, the desired amount is weighed off and dissolved in the 
required volume of methyl or ethyl alcohol (grain alcohol denatured 
with ether being used in the United States at present for this purpose),* 
1. See Cluiptcr XXI. 
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the whole being placed in a tank tightly covered and fitted with a stir, 
ring device, the mass being agitated until complete solution has taken 
place. If it is desired to clarify the camphor from the pieces of bark, 
bits of wood, and other .solid particles usually present, the outlet cock 
to the mixing tank may be provided with a cheesecloth or moleskin- 
cloth filter to intercept the .specks. Clarification of a camphor solution 
by long standing is unsati.sfactoiy on aca-ount of the bark and wood 
refusing to subside. When transparent sheets are to be produced, 
irnxspcctive of the method used to combine the camphor and pyroxylin, 
it. is often advisable t.o clarify the camphor by solution and filtration, 
for wh(!r(^ the sheets arc to be cut into stri])s for continuous photo- 
grajihic films, any specks would appear prominent upon projecting 
tlu' magnified film upon the screen. The cam])hor from a filtered 
elliyl alcoholics solution may be readily recovered in t.he solid state 
by distilling off the solvent in a partial vacuum. The camphor sub¬ 
stitutes which have stood the test of time have been bodies suffi- 
cicmt.ly sohd)le in alcohol to admit of their use by dissolving in the small 
amount of alcohol recpiired to lowei' the temperature of conversion. 

Mi.xing Pyroxylin and Camphor is usually done by a very 
thorough grinding of the moist pyroxylin with camphor, which may 
oi' may not have been iireviously reduced to fine powder. The grind¬ 
ing is continued for several hours and until the damp mass feels 
entirely smooth, when a small amount is rubbed between the thumb 
and forefinger. In order to retain as much camphor as possible, 
the grinding mills arc kept covered, and should contain just sufficient 
moisture to admit of thorough mixing without cloggingd The presence 
of i)ignient as ziu" oxide or carbonate materially reduces the time 

1. Tlio grinding inust be sufficienUy intimate so that cacli particle of pyroxylin 
lies next to one or more particles of camphor, luid upon the application of heat 
Ui(‘ ronvcrsioii of the mixture into a solid compound the pyroxylin will l>e affected 
liy ih(‘ camphor before a sufficiently high temperature has been reached to start 
difumifKisition. The presence of camphor as a solvent retards or prevonis 
docoir«p''^ilion, which would usually oecur at the elevated temperature to which 
tlic nl'rapii])er is siilijected, osjiecially if that heat l)c prolonged for a consideralile 
period. It is tlierefore advisable that the mixture of pyroxylin ainl camphor shall 
be as intimate as pfissiliie. .\nother cfTcct of lack of intimate mixing in a finely 
powdennl eondiiion is that some of the pyroxylin may be left untouched or unin¬ 
fluenced liy llie solvent action of the eamphor, the latter flowing very slowly under 
the effect of the degree of heat ap))lied in the converting processes and will not 
j)enetratc the pyroxylin particles if they exceed a certain size. The. pyroxylin 
might be in a very fine condition, and yet l>c uiiacted upon by the campnor, due 
to the agglutination of the fonniT together until a small mass sufficiently large 
or compact to prevent conversion of the interior is formed. The usual ball mills are 
unsuitable for grinding eamphor and pyroxylin, although so valuable in other respects, 
being equal to the action of many Imudred mortars grinding at the same time. 
It has been found that when pyroxylin pulp and camphor are placed in these mills 
no grinding action takes place, the pulp and especially the camphor l)eing of that 
unctuous, yielding nature which apparently prevents the balls from exerting their 
usual comminuthig action. 
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required for adequate grinding, the inorganic particles apparently 
acting as cutting edges, especially for the softer camphor. 

In making pyroxylin compounds it is very difficult to combine 
the pyroxylin with active solvents, unless the proportions of such 
solvents are largely in excess of the amount of pyroxylin used. The 
reason for this is that the pyroxylin absorbs the solvent so readily 
that whenever the two come together the greater portion of the sol¬ 
vent is taken up at the first point touched. In a mass of pyroxylin 
any part which comes in contact with the solvent will first absorb 
several times its own weight before it permits any of the liciuid to seek 
other parts of the mass. As it is not only umiecessary, but positively 
objectionable, to use so large a proportion of solvent, as the pyroxylin 
naturally absorbs, the importance of methods by means of which 
the proportions can be regulated at will has long been recognized 
by those skilled in this art. 

Although it is impossible, under ordinary conditions, to irenetrate 
a large mass of dry pyroxylin with a small rpiantity of active solvent, 
still it has been found that the pyroxylin possesses the jrower, to a 
very limited extent, of absorbing the solvent from those portions 
of the mass already saturated. J. Hyatt' has made use of this 
limited penetrative power of active solvents in the following pi-ocess; 
The pyroxylin, while in a dampened condition, Ls cut into a flock, 
preferably by the machine illustrated and described in U.S.P. 24007S, 
1881, having found that pulp made in this manner is more suitable 
for making pyroxylin paper than that ground in an ordinary paper- 
engine. In order to grind the paper in this machine, it must con¬ 
tain no more moisture than is necessary to render it non-inflammable 
—say from 6-8 parts of water to each 10 parts pyroxylin, .\flcr 
the pulp is formed it is mixed with the water and made into iJaper 
by means of the cylinder paper-making machine shown in Fig. fdi). 
From the two making cylinders aa' and the couching rolls bb', the 
paper is taken by the endless felt c to the fimt press rolls (Id', where 
it is pressed between the felts c and c. The paper passes through 
the machine as shown, two finely perforated tubes BB’ being arranged 
so as to sprinkle spirits of camphor upon both sides of the pajier as 
it passes from the drying cylinders into the box C. The punq) A 
supplies the solvent in measured quantitie.s from the tank F. Thi.s 
process, of course, requires that the sheets made from the pyroxylin 
pulp be of a thickness proportioned to the amount of lirpiid solvent 
to be applied. When the sheets are much thicker than 0.03 in., they 
refuse to absorb the solvent, and when they arc made too thin they 
1. U.S.P. 331713, 18,S.5. 
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absorb it too readily, some parts taking more than the necessaiy 
supply. According to the experience of Hyatt, a mixture by weight, 
of pyroxylin 100, alcohol 40, and camphor 40, is sufficient to accomplish 
this result, the pyroxylin paper (paproxyl) being about 0.03 in. thick, 
\Vhen the box C has received enough of the saturated pap)er for a 
batch, it is removed and another box substituted. The removed 
box is closed to prevent evaporation, permitted to stand one to three 
days, at room temperature, or until the mass has been thoroughly 
])enetrated by the solvent, after which the actual conversion in masti¬ 
cating rolls is carried out. This ingenious method, once used consider¬ 
ably, has been supplanted by the more simple method of stirring the 
pyi'oxylin and cam]>hor as follows: 

In the process of ,T. and C. Schmerber and ,1. Arrault,* shown 
in hig. 150, use i.s made of a hollow cylinder for receiving the plastic 



matciiid, fornic<i with a steam jacket and fitted with a piston that 
is to be reci]n’ocated by suitable power, and the cylinder is con¬ 
nected by ])assages at its oppo.site ends with the grinding machine, 
so that by the movement of the ])iston the material is forced back 
and forth through the grinder until the operation of mixing and grind¬ 
ing i.^ completed. The grinding and mixing operations are performed 
while the material is inclosed in air-tight spaces, as the result of which 
])ractically none is lost by evaporation. 

One disadvantage of pressing the pyroxylin and camphor into 
cakes is the difficulty of afterward cracking and breaking the cakes 
so thoroughly that there is uniform penetration of solvent. In order 
to obviate this possibility and to dispense wrth the machinery for 
breaking the cakes and stirring in the alcohol,^ the cakes after press¬ 
ing are placed on edge in the box B between the nretal pins and rods 

1. U..S.P. g2!>477, LSSO. 

2. Process of J. Hyatt, .7. Stevens and W. Wood, U.S.P. 29(iy69, 1884. 
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RB. The receptacle is then covered, the solvent poured in through 
the aperture in the side, the plug I replaced, and the receptacle rotated 
by machinery until the solvent is sufficiently absorbed, when the cakes 
are left at rest for about fifteen hours and arc then ready for conver¬ 
sion. Fig. 151 shows the arrangement preferred. 

In the process of J. Hyatt and .T. ICverding ^ for mixing the pyroxylin 
pulp with the proper amount of .solvent, the improvements consist 



Eig. 150.—The Sclimcrbcr & Arrault Plastic Grinder and Mixer. 


in introducing the solvent, in the form of a spray, in a cylindrical 
vessel which is partly filled with the jiyroxyliii pulp, and jirovided 
with a rotary sweep or agitator for the purpose of stirring u]) the mass. 
The pyroxylin is first ground info a pulp in an ordinary beating engine 
or pulp mill, and it is then dried in an isolated building on aca'ount 
of the inflammable character of the mateiial. W'hcn thoroughly 
dried, it is taken in small lots or batches to the mixing apparatus 
shown in Fig. 152, the operation of which is as follows: The cylinder 
A is partly filled with the dry pyroxylin ])ulp, clo.sed, and the agitator 
and pump set in motion. After the proper quantity of the solvent 
has been injected by the pump the agitator is kept running a short 
1. U.S.P. 326119, 1885. 







CELLULOID AND THE PYfiOXYLIN ELASTICS 


501 


time, until the mass is thoroughly mixed. The mass is then removed 
from the cylinder and placed in an Air-tight box for a period of two 
to thi'ee days, when it is ready for conversion in masticating rolls 
or otherwise, as reipiired. 

Where it is desired to first dry the pyroxylin and then incorporate 
the solvent with it before the camphor is introduced, the method * 
shown in Fig. loll, may be used. In this apjiaratus A is an ordinary 
tumbling barrel of a cajiacity to hold from three to four times the amount 
of pyroxylin pulp required for a batch. It is mounted and slowly 



revolved uiion a statiomuy shaft B in the bearings aa by means of 
a spur wheel C and pinion I). The pinion I) is secured upon a. shaft 
(/ which receives iiuition from any convenient prime mover by belt 
and pulleys. Tno sets of agitator arm,s «' u’ project from the inner 
periphery of the bairel A, .and (lie stationary shaft B is provided with 
a eorrc.sponding number of fixed anus h, so as to cover the spaces 
between the ^cvol^■ing agitator aims a' o'. The barrel A is also pro¬ 
vided with a door A', to permit the removal of the mass when mixed, 
and facilitate the cleaning of the barrel. The small opening a o,in 
the cover is for the puriwse of introducing the dilTcrcnt materials 
which constitute the mixture, and is provided with a stopper. After 
1. U.S.P.,331241, 1885. 
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mixing the alcohol and pulp they are allowed to rest in the barrel 
fr’om two to five hours, to iasure a perfect combination of the materials 
by absorption. Without removing the pulp and alcohol from the 
apparatus, next mi.’i; with from '10-.j0 parts of powdered camphor, 
adding the camphor gradually in auccc.sBive portions, and thoi'oughly 
combining each portion with the pulp before adding more. After 
the materials have been mixed together they are removed from the 
apparatus and kept in an air-tight box from one to two days, after 
which it is in ewndition for the final treatment by masticating rolls. 

The methods of combining cara})hor and })yroxylin in the United 



Fiq. 152.—The Hyatt & Everding Process for Making Solid Pyroxylin Compounds. 

States are nearly all worked out on tin; piincijdc of the use of the min¬ 
imum quantity of solvent and not att.empting to recover it, lather 
than the use of large volumes of fluid and attempting to refrigerate, 
the gases and obtain a portion bai'k for reuse. W her'o an attem|)t 
is made to eombine .so small a portion of solvent by forming a liriuid 
solvent of the camphor dissolved in alcohol, and ajrplying it, those 
portions of the pyroxylin which are first brought into contact with 
the solvent will absorb it in .such quantities as to take more than their 
proportion, while the other parts wnll be loft untouched, and such 
is the tendency of the dry porlion.s to remain in that condition that 
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any ])racticHl amount of subsequent! mixing will not coiTert the want 
of uniformity in the mass. While thi.s is true, yet it is also true that 
in proce.s8 of time, if the mass is allowed to stand, the solvent will 
partially leave those portions with which it first comes into contact 
and be absorbed in a limited way by some of the dry pyroxylin in 
its immediate neighborhood. J. Hyatt' has taken advantage of this 
limited s))reading of the solvent throughout the mass to effect a good 
mixture by bringing the pyroxylin and solvent together in small por¬ 
tions, and in such a manner that, although each particle of the fiber 




Fig. 153.—The Hyatt Pyroxylin Plastic Mixer. 


may not be at first acted upon by its proper (piantity of liquid, still 
the combination will be close enough to permit of the complete 
substantially uniform absorption of the solvent when the mixture 
is allowed to rest. To effect this result (Fig. 154) a hopper is taken 
to deliver the dry pyroxylin puh) through a meter or measuring- 
machine to a chute A-. This chute is hinged at it.s upper end, 
and suspended by a rorl a, or other suitable means, at its lower end, 
HO that this end may be raised or lowered to regulate the quantity 
of the pulp passing over it. In order to keep up a steady and unifonn 
movement of the pulp, a slight but quick reciprocating movement 
1. U.S.P. 331242, 1,S85. 
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may be imparted to the chute by means of the lever a' and the grooved 
cam a^. The cam is mounted upon a shaft A^, which receives 
motion from the main shaft B, from which the meter A' Ls also driven 
by belt and suitable pulleys; but the reciprocating movement is a 
desirable and essential requisite. From the chute A‘^ the pyroxylin 
pulp passes through a meter, provided with the hopper c, into a 
receptacle or can C. Immediately below the inlet of the can a sprinlc- 
ler d is attached, which consists of a tube provided lengthwise with 
a number of fine perforations pointing downward in the direction 
of the falling pulp. This sprinkler is supplied with spirits of camphor 



Fig. 154.—The Hyatt Method of CoDibinm^ Pyroxylin and ilrf Solvents. 

from a can or tank E, through the ])ump D and its delivery-pi])c d'. 
The can A, which contains the spirits of camphor, has an opening 
e', for the admission of the solvent, and a gauge or graduated glass 
tube e, for measuring the contents. The suction pijie of the pump 
is provided with a strainer to prevent an)"- foreign matter from passing 
through the pump to the sprinkler. 

The pump D is worked by a crank shaft D”, which receives motion 
from the main shaft B. The crank disk is provided with a slot, 
BO that the crank-pin may be moved from or toward the center of the 
shaft, for lengthening or shortening the stroke of the pump-piston, 
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and thereby to increase or decrease the quantity of spirits of camphor 
delivered to the sprinlder. It will also be understood that, as the 
pump is driven, primarily, by the main shaft B, and the meter A, 
width regulates the quantity of pulp to be conveyed to the can C, 
is also driven b}^ the same shaft, in other words, that their motion 
is (toinnident, the tjuantity of spirits of camphor supplied to the sprinkler 
must be at all times proportionate to the quantity of pyroxylin with 
which it is brought in contact. 

Introduction of Stabilizing Agents is usually made at the same 
ti)u(! the alcohol is adde<l, reference being made to those stabilizers 
used ,in transparent plastics as distinguished from the pigments and 
other ojnupie bodies. The stabilizers, which are usually alcohol- 
soluble bodies like unai, arc first dissolved in the alcohol, and sprinkled 
(/ver the ground |)yro.\yliM and canqdior in the converting boxes. 

1 he nature and amount of antacid added will depend, of course, on 
the nature ot the pyroxylin and the uses to which the plastics are to 
be lait. (See diiihenylamiiie, (Chapter XVIII.) 

The Stabilizing of Pyroxylin Plastic.s is of much more inqtortance 
than that oi films and lacquers, due to the fact that the slight alkalinity 
of the atmosphere makes the latter an excellent stabilizing agent, 
and in drying lac()uers to line films the air is brought into such 
iutiiiuate contact with the nitrocellulose that the trace of alkalinity 
pres('nt ap])ears sufficient tt) retard the devt'lojmient of subsequent 
acidity. In the old patents and descrijitions and before the time 
of ])oachiiig and introduction of agents tending to retard and neu¬ 
tralize any free acid formed in the pyroxylin, inventors stated that the 
free acids etched the iron lulls used to mix the nitrocellulose and other 
ingredients very badly, and someone in endeavoring to ovefeomi' this 
e.vcessive acidity' tisdc out a patent for nickelplating the rolls to 
“overcome this natural although trouble,sonic property of azotic 
cot lor. wliich sometimes is so groat as to make sticking plaster 
made from it to burn the skin ’’ when applied as a collodion.* 

Transparent jilastic is much harder to keeji stable than trans¬ 
lucent and o])a<|ue, due t,o the stabilizing action of the zinc oxide and 
carbonate and other pigments jircsent in the latter, and usually in 
large quantities. Therefore efforts have been turned almost exclusively 
to the discovery and application of antacids wliiidi when applied to 
colorless plastic, will not interfere with the transparency, brilliancy, 
and appearance of the sheet, and especially will retard or prevent 
the gradual formation of a yellow or brown color in the sheets upon 
long storing, seasoning, or exirosuie to the atmosphere. A satisfactory 
1. A. Parkes (E.P. 2700, 1866) patented the use of platinum-plated rollers. 
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antacid for traasparent plastics must fulfill many conditions, among 
which are the following: (1) There must be no visible antagonism 
between the stabilizer or camphor and its substitutes used; (2) must 
be soluble in a pyroxylin solvent, and not precipitated in a granular 
or amorphous form upon evaporation of the solvent, thus clouding 
the sheet; (3) the point of decomposition must be above the tem¬ 
perature at which the mass is workable commercially as a plastic; 
(4) the products of its decomposition or union with free nitric, nitrous, 
or sulphuric acids must possess the same properties of solubility, 
stability, and absence of granulation as noted above. The use of 
antacid compounds must be regarded as an additional safeguard after 
the cellulose nitrate has been poached and washed until laboratory 
tests give a high heat test, the addition of stabilizing agents to the 
plastic presupposing that at the time of such addition there is no 
need for its presence, but only as an ever-present safeguard to check 
future decomposition in its incipient stage. For this reason, it is 
evident that, to be effective, the antacid must be most thoroughly 
incorporated with the plastic mass. 

Urea as an Antacid has been known at least from as far back 
as 1855, in which year G. T. Hase described a method of correcting 
the acidity of photographic films by the use of a small amount of urea.* 
It is to-day, the most important and widely used pyroxylin plastic- 
stabilizer. R. C. Schiipphaus in 1891® described the value and applica¬ 
tion of urea in connection with the stability of nitrocompounds, in 
which he advocated the use of i-2% dissolved in wood alcohol or 
similar solvent and added to the mass with the camphor just before 
conversion. In this manner the neutralizant is completely disseminated 
through the plastic mass. Any nitrous or nitric acid subsequently 
generated in the plastic coming in contact with ui'ea would react, 
yielding carbon dioxide, nitrogen, and water—all harmless as inducing 
further deterioration. The previously proposed neutralizants, includ¬ 
ing sodium silicate (water glass) so extensively used in the earlier 
days of plastic development, were found either objectionable from the 
water necessarily introduced in order to dissolve them, or were inadmis¬ 
sible because of the discoloration which they were apt to produce. In 
urea these two objections are reinoved.-* In 1897 J. Stevens patented 

1. Wilh. Horn’s Photographiache Journal, (Prag. Verlag von Otto Spamer, Leip- 
Big) Vol. 3, No. 3, p. 15 Jan., 1855. 

2. U.S.P. 514838, 1894; E.P. 22384, 1893. It urea nitrate or sulphate should 
Oe formed, they are colorless, stable, and odorless. 

3. J. H. Stevens applied for urea as antacid by Letters Patent, U. S. Serial 
529603, filed Nov. 22, 1894. Not granted as the result of U. S. Patent Interfer- 
snee Suit No. 17379 between J. Stevens and R. SchUpphaus. 

4. U.S.P. 593787, 1897; Russ. P. 12649, 1907; diethyldiphenyl urea and tetra- 
phenyl urea were found most serviceable. 
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and described the use of urea sulphate, and 0. Claessan' found that 
the decomposition of substituted ureas in which all the hydrogen 
atoms are replaced by organic radicals decompose more readily in 
presence of traces of inorganic acids than urea itself, from which 
the inference is diawn that as antacids they woidd be more efficient 
by reacting with smaller quantities of inorganic acids. The substances 
advocated arc (/.s-diothyldiphcnj'l urea, ni.pt. 54°, 5-(liethyldiphenyl 
urea, m.pt. 7(1°, and tetra]ihpnyl urea, m.pt. 1S3°. Many antacids 
pro])osed are antagonistic to pyroxylin, whereas urea and some of its 
esters and substitution jirodiicts are direct although feeble nitro¬ 
cellulose solvents. Tliis can be shown by taking a low form of nitro- 
cotton that is partially soluble in ethyl alcohol, and add a solution 
of urea in ethyl alcohol, when the turbid solution will immediately 
claiify. Other urea esters have been claimed as preserving agents, 
.specifically the beiuioate, salicylate, and naphthoate^ being used 
in some comiiatible men.struum as alcohol, in order to insure a perfect 
mixture and intimate contact. Urea formate, acetate, projiionate, 
buiyratc, and valerateare, also I'ecommeniled on account of the 
well-known fact that small amounts of acetic acid do not decompose 
])yroxylin or celluloid.' The usual amount is U',', of the weight of 
the ])yroxylin. l.actamide^ has been patented on account of its 
easy sohibility in alcohol and freedom from <liscolora1ion in light, as 
distinguished from aniline, diphenylamine, and similar amido and 
imido bodies. 

John 11. Stevens has mailo an elaborate study of this subject, 
in which he has covere<l experimentally a wide range of inorganic ba8e.s 
with various groujis of organic acids, as bodies suitable for use in plas¬ 
tics as st.abili/.ers, in which the celluloid was to be used in the highly 
1 ranspai’cmt condition. Me gave stability to transparent pyroxylin 
■ompoiuuls by combining with it a new class of pro.serving agents of 

1 . D.H P. I7.si:t:t, itiofi. 

2. I' .S.l’ (iltliiO, ISOtt. Urea benzoate is miscible with melted camphor 
.villioiit decomposition, and lias a feebly solvent action on some forms of pyrox¬ 
ylin. The salicylate re.sembles the benzoate in its compatability with pyroxylin 
Old camphor, but yields somewhat darker products, and is weaker in preserving 
lower. White it may seem peculiar that a tiase already saturated can exert a 
ireserving or deterring power in iliwelopmcnt of traces of inorganic acid, experi- 
iienls show tiiat such is actuully ttie ease. 

2. U.S.P. liSOSTO. Istt7. Urea acetate dissolves in about 7..') parts fl5% alcohol 
ethyl). Most solulile in about U7% commercial woihI alcohol. They all dissolve 
ibout 2% in refined fusel oil, the formate lieing lea.st, and ■acetal.e moat readily 
loluble. 

4. For instance, in " solvent polishing,” celluloid is dipped hi S5% acetic acid 
vithoiit deteriorating the latter, and this is a common mcthiKl of placing a smootb- 
less and polish on plastics. 

5. U.S.P. 608727, 1898, botli the amides of or-hydroxypropionic acid (lactic 
icid) and |8-hydroxypropionic acid (hydracrylic acid) are solulile in methyl and 
thyl alcohols. 
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distinct efRoie^icy. These included sodium, potassium, calcium, 
strontium, and magnesium lactates,^ inoi*ganic salts of chlorformates, 
chloracetates, chlorpropionates and chlorbutyrates; ^ the acetates, 
propionates, butyrates and valerates of lithium,'"* calcium,'* zinc,® 
manganese,® magnesium,^ lead,® potassium,® sodium and the chlor- 
formate and chloracetate of zinc.** Sodium benzoate,*- salicylate,*-* 
camphorate,*'* and hypophosphite,*® t4)gether with barium butyrate,**’ 

1. U.S.U. 022293, 1899. Bronnert had previously used laetatos in connec¬ 
tion with artificial silk production, hut not for transparent plastics. The salts 
were, fonned l>y adding excess of metallic carbonate to commercial “ syrupy ” 
lactic acid with heat, and filtering from unilissolved carlKMiate. It is desirous 
that the usual brown color of commercial lactic acid he first removed by filtration 
tlirough a layer of animal charcoal, in order to keep t he transparency of tiie plastic 
as brilliant as possible. In distinction from urea, the lactates are not oidy non- 
Rolvents of tlie pyroxylin employed to make mol<lal)lo comjxmnds, but they weaken 
the solvent action of the alcohols in dirc'ct proportion to their ])res(*nce. t’or slifT 
plastics, sodium lactate is more convenient IxTause it can be readily dissolvetl 
in alcohol, a smaller amount of fluid being used. It appears that metliyl ac<*tate 
aids the solubility of sodium lactate in methyl alcohol. I’otassium lactate is the 
most soluble, the barium salt the least so. If more than (calculated on weiglit 
of pyroxylin) be used, there is a tendency to cloud a transparent sheet, sirnl oftim 
the excess of salt appears on the surface as a snowy exudation or fog. The 
inventor advises the following formula as suitable. Pyroxylin 100, camjihor 40 .’iti, 
wood spirits CO-7.'), sodium lactate 1 (all ])arts by w(*ight). 

2. ll.S.lb fll4r)14, 189S. Magnesium, lithium, ainl zinc monochloracelates 
in the order named are considereil most efficient, the former giving a paler-colon-d 
plastic, and being more rt'adily soluble in grain alcohol. J)i- and tri-chloraeetates 
are considered inferior to the mono-derivatives. 

3. IJ.S.P. 012531, 1898, It was found, in general, that inorganic acetates 
which were most readily soluble in methyl or ethyl alcohol are imwt energetic ant¬ 
acids. Lithium acetate is more soluble than the corrt'sponding formate, pro])ionate, 
or butyrate and also less expensive. The butyrate and valerate possess a strong 
odor, while those of lesser molecular weight are odorless. It is claimed that tla* 
lithium saltfl arc especially useful in tortoise-shell etTeets. 

4. U.S.P. 022291, 1800. The propionate is preferred, the acetate is eheaj)- 
cst, the formate gives only a m<»dcralc transparency, the propionati! and butyrate 
being best for highly transparent compounds. The valerate has to be usetl uiaier 
extreme limitations, as it gives very poor transparency. Excess of these salts renders 
the plastic opnqiie and granular in af)pcarnnee. 

5. U.S.P. 030945, 1899. Zinc acetate is most freely soluble, but will not aid 
alcohol in dissolving pyroxylin. 

0. U.S.P. 01050G, 1S9S. 

7. U.S.P. 021433, 1898. Magnesium acetate is difficultly soluble in ethyl 
alcohol, the formate and propionate practically insoluhU^. 

8. U.S.P. GOS726, 1898. Lead acetate imparts a light color to transpan-nt 
plastic, and the absorption of carl)on dioxide and eluing(‘ into lea<l oarlxuiatc? are 
apparent in plastics containing the acetate, l)y a superficial opah'seence. 

9. U.S.P. 021434, 1899. 

10. U.S.P. G22290, 1899; sodium acetate being preferable. 

11. U.S.P. 022294, 1899. Zinc acetate imparts a liglit-y(‘llow color to trans¬ 
parent celluloid. 

12. U.S.P. 021382, 1898. Readily solubhi in tnelliyl and ethyl alcohol, acetone 
and amyl acetate. Best results w^ere ol)tained by the u.so of 0.5-2%. 

13. U-S-P. G12007, 1S9S. 

14. U.S.P. 009475, 1898. Potassium camphorato is le.ss soluble. Calcium cam- 
phorate is more soluble in ethyl than in methyl alcohol. 

15. U.S.P. 610953, IcSOS. Not u.setl al present. 

16. U.S.P. 622292, 1899. The combination.s of fomiic, acetic, propionic buty¬ 
ric, and valeric acids with heavy metals result in the formation of salts wdiioh in 
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are all claimed to possess distinet value for certain and restricted uses. 
On account of the le.ady solubility of the butyrates in alcohol and 
the difficully with which they crystallize, calcium' and other buty¬ 
rates have a distinct value in highly transparent plastics. This 
quality of opposing crystallization and the consequent tendency to 
cloud an otherwise transparent film uiwn evaporation of the solvent 
portion, ar’c jrossessed by the lactopho.sphates, the salts of which 
are extr-errrely sohrble in alcohol, and like calcium chloride, when 
dissolved irr rdcohol, they transfonrr the latter into a direct and active 
pj'r’oxylirr solvent.- Therse desir-able properties ar-e common, but in a 
diminished ilcgTee, to crdr'irrm, barirrrtt, strontirrm, lithium, lead, and 
irotassirrnr lactates.3 Potassirrrrr and other srrcciirates ^ give good 
results, brtl, ar'e rirrite ferdile. 

The general irrefhod of irse of the above-mentioned compounds, 
all of wliich are sullrciontly soluble in wood or gr’aitr alcohol, is to make 
a 1 ■)'; solution in alcohol, filter fniitr undissolvod residue if necessary, 
arrrl add the alcohol corrtaitring the irrcserving body trr the camphor 
irrrd jryr'oxylirr, intinrately mixing drrring the usual convexsion by 
mastierrtiorr. The long period of setrsoning to which plastics in bulk 
ar'c rtc'cessarily sirbjectcd irr order to eliminate la.st traces of volatile 
matter- is a severe test trpon any stabilizing meditrnr, and the difference 
irr stability of a plastic before and after seasoning is the crucial test 
of the cfficitmcy of the added antacid. 

Dehydration of the Pyroxylin Pulp by pressure or exposure 
to rtir- cither before or after admixture with the camphor is of vital 
irttprrr-t.ance owing to the extremely sensitive nature of the cellulose 
nil.i-atcs and thcrir liability to explode riitder irressurc, and especially 
at that prirticrrlar stage of its treatmorrt which apirr-oximates dasicca- 
tiorr. The dehydr-at.ion of this pulp has resolved itself into devising 
safe rrretliods of drvitrg. 

miuiy inhlances decreaso in solubility in alcohol going each way from butyric acid. 
Thi-^ '‘.s,K*cially true of Imrium, lead, and calcium, the butyrates of which are 
irioH' soluble in ethyl alcohol than the corresponding propionates or valerates. 

1. U.S.P. 020732, isyo, described the uses of strontium butyrate aa a stabiliz¬ 
ing agent. 

2. U.S.P. 010015, i80H. Calcium, potassium, sodium, bismuth, magnesium, 
and niangunc.so laclophosphate.s being elaimod as ellicient. Iron lactophosphate 
is given, but. as is well known, ihi.s salt would ^iruducc highly colored compounds. 

3. U.S.P. 030011, ISOO. Sodium, jiolassiuin, calcium, and lithium lactates 
arc soluble in inclliyl alcohol, but only the .sodium and potassium salts are soluble 
in ethyl alcohol. 

4. U.S.P. 013100, 189S. The sodium salt as an antacid is too wcakf ammonium 
salt, which in 2% of the amount of pyroxylin present gives a slight yellowish-colored 
film, is stated to be especially applicable in tortoise-shell imitations, where a yel¬ 
low tint is uonnally present. This also applies to other stabilizers which develop 
a yellowish titit when used in Hufhcient amounts to'be distinctly beneficial. See 
also, E. Itouxeville, E.P. 303310, 1908; Self-Developing Plate Co., London, and 
T. Bolas, E.P. 21880, 1907. 
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The invention of J. Edson,* which had for its object the complete 
removal of the moisture from paper pyroxylin, consisted first, in 
introducing very dry air, previously cooled, into the pyroxylin under 
pressure, but at a temperature slightly above the freezing point, so 
that the moisture of the materia) under treatment was not frozen, 
but carried away. Second, the invention comprised a receiver for 
holding the moist pyroxylin with an agitating apparatus and air- 
distributing and discharging device, with arrangement for regulating 
the temperature and volume of the air admitted. 

With a hydraulic press ^ and accumulator ^ devised by him.self, 
J. W. Hyatt ^ patented a process in 1884 for drying pyroxylin by dis- 







Fig. 156.—The Hyatt Hydraulic 
Pyroxylin Press. 



Fiu. Uif).—The Hyatt, Wood A Stoveti.q 
Pyroxylin Pulii l)osice,alor. 


placement of the water hydraulictilly, being the first one, in the United 
States at least, to suggest the dwplaccment process of dehydration. 
By means of a screw A (Fig. 1.5.')), to actuate the plunger B, fitting in 
the receptacle C and provided with an outlet D, the damp pulp w.a.s 
placed in the cylinder, a piece of wire cloth E, having above it a ])iec,e 
of linen H, being used for the purpose of preventing the escape of the 
pulp. Thus having been placed in the receptacle, a suitable quantity 
of alcohol was introduced, and pressure applied, which forced out the 
aqueous particles. In the •earlier days of celluloid manufacture a great 

1 . U.S.P. 249600, 1881, and based on the Reynolds refrigerating apparatus, 
then recently patented. 

2 U.S.P. 180133,1876, J. Hyatt and T. Crane; U.S.P. 200914, 1878, J. Hyatt. 

3. U.S.P. 26.5229, 1882, J. Hyatt. 

4 . U.S.P. 296967, 1894. 
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many thousand pounds of paper pyroxylin was desiccated in Uus 
manner and without accident. By combining hydraulic pressure with 
the previously described method of drying by interposition of blotter? 
between thin cakes of pyroxylin,* a single operation was found to be 



Fig. 157. — Tlic ITyatt, WimJ & Stevens Pyroxylin Pulp Desiccator. 

sufficitPu to eliminate tin; moisture sufFicicntly to admit of the use 
of the pyroxylin without further desiccation.^ (See Fig. 156.) 

1. As descrihed in U.S.P. i;i:t229, 1872, I. & J. Hyatt. 

2. It was found that only the water and not the camphor penetrated the 
blotters. The pyroxylin was preferably made into a cake or layer, and a pile built 
up consisting of a pad of bibulous pa|)cr, a layer of pyroxylin, another pad, a 
metal sheet, and this continued until a suitable height had been reached, Tho 
enormous pressure—over 1,201) tons and equal to 7,.500 II). to the square inch— 
In which the material was suhicetiil, in the presence of the bibulous paper, expelled 
the aqueous particles until all lint 5% of water was removed, the blotters being 
afterward dried and reused. This press is designed for the method where pyroxylin 
and camphor an; groiinil togetlier wliilc the former is still moist, and without 
' .tion of alcohol, the latter being added to the dehydrate pyroxylin- 
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The method of J. France * is of sufficient importance to be described 
in detail. Reference is made to Fig. 159, in which the nitrocellulo.se 
as it comes from the washing tanks i.s placed in a hydroextractor, 
which is revolved until the (piantity of water remaining in the pulp 
is equal in weight to the pulp. It is then renioveii and formed into 




Fin. 158.—The Hyatt , Wood «S: Stevens Pyroxylin Pulp Desiccator. 

separate 2 lb. lots, each containing 1 lb. of the jHilp with 1 lb. of ab.sorbcd 
or adherent water. A piece of muslin being laid ujion the false bottom 
of the container, the first lot of pulp is laid thereon and conlpacted 

camphor cake after breaking up. The method combines botli pressure and 
absorption, eliminating the maximum of moisture in the minimum length of time, 
about forty minutes’ pressure being nece3.sary. No alcohol could be used to 
replace the remaining moisture, on account of the camphor, which in presence of 
the alcohol would immediately dissolve the pyro.xylin. See Figs. 157, 158. Sec 
also process for desiccating pyroxylin in comminuted form, U.S.P. 2971135, U884, 
J. Hyatt. 

1. U.S.P. 393751, 393752, 1888; E.P. 17692, 1888. 
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and a second piece of muslin laid over it. A second lot of pulp 
is then superposed on the second piece of muslin, and so on, until 
the container is filled with these layers of nitrocellulose separated by 
strips of muslin. The container is then closed and placed in the 
press-box, which Ls tightly (closed, and the hydraulic press being 
operated, the ram 6 rises, carrying the false bottom 15 up with it. 



Fig. 15!).—Apparatus for the Manufacture of Celluloid according to France. 

compacting and ))rc.ssing the nitrocelhiIo.se between it and the dia¬ 
phragm 25. The pres.sure is increa.sed to about 400 lb. per sq.in., 
at which point the ram is held for about an hour, the water expressed 
flowing off through the perforations 16 and channels 17 in the false 
bottom, whence it passe.s into the chamber 0 and out through the 
exit pipe 10, that which is driven ui) tlirough the diaphragm 25 being 
carried off above by the outlet 34“. ^M^jr remaining under pressure 
for about the time mentioned the co^pn the air pipe 30 is opened. 
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and air is forced down through the compressed pulp, penetrating the 
fiber and opening the cells containing aqueous particles, which arc 
carried downward by the air. A considerable percentage of water 
etill remaining in the nitrocellulose is expelled by the air treatment 
alone. The air treatment is continued for some little time after the 
water has ceased to come away, and the air valve being then closed, 
the cock in the alcohol pipe 31 is opened and alcohol of 05% is allowed 
to flow into the chamber 27, whence it percolates through the dia¬ 
phragm 25 and enters the pulp, through which it passes by gravity. 
The water still remaining in the pidp is driven downward before the 
descending body of alcohol, which latter, by reason of its less specific 
gravity, rests upon the slowly descending body of water. 

. Practical tests have proven that by the comin’ession of the nitro¬ 
cellulose about 30'/(, of the contained water will be removed, while 
by the succeeding air treatment an addiliouid 20%j of water will be 
removed, thus leaving in the pulp about one-half of the body of water 
it originally contained. Knowing the weight of this (piantity of water, a 
vessel, 41, is set on the scale 37, and the weight is placed at such a 
point that it will tip the beam when the weight of watrcr I'cmaining 
in the pyroxylin or nitrocellulo.se is received in the vessel 41. .\.s 

soon us the electric call 40 announces to the ui)erator that the water 
is all removed and received in the vessel 41 the alcohol pipi; 31 is 
closed and a second vessel is substituted for llie vessel 11, to r(!c(>ivi^ 
the hydrated alcohol coming from the pulp, which may afterward 
be redistilled and saved. The air pipe 30 is then again opened and 
the passage of the alcohol downward is hastened by again driving 
air through the nitrocellulose, until the latter contains from 10 
by weight, of such alcohol. The air is then cut off, the ram is run 
down, and the container opened. The pyroxylin will bo foutid in 
compacted layers, easily separalilc. from each other by roiison of the 
interposed sheets of muslin. The (juantity of camidior necc.ssary 
to complete the conversion of the pyroxylin is now plataal between 
the layers, together with coloring matter and pigments, and the layers 
are piled one upon another in /.inc-lined boxes and tightly covered, 
to await the action of the converting roll. 

In order to govern the degree of pressure upon the pyroxylin, any 
form of safety valve or gauge, 42, may be attached to the cylinder, 
whereby the pressure will be indicated or let off at the instant it 
reaches the maximum point. 

The method of pressure between folds of bibulous paper is effective 
but is a slow and expensive operation. Compressing air to a small 
volume and absorbing the heat given out by comjrression so as to 
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cause the deposit of aqueous vapor dissolved in its original volume, 
and subsequent warming by passing through a copper coil surrounded 
by either steam or hot water, is also an efficient method, but involve 
an expensive plant consisting of air pumps, steel reservoir capable 
of sustaining an immense strain, cooling and heating coils, and the 
expense of desiccating the large volume of air used. The essence of 
G. Mowbray’s process ^ consists in depriving atmospheric air of moisture 
by refrigeration, and then raising the air to a temperature of not 
to exceed 60°, after which it is brought into intimate contact with 
the pyroxylin. It is no improvement upon the various hydraulic 
methods which, with relatively unimportant rehnements, are based 
upon the principles of the machines of Hyatt and hVamie. 

The distinction in dehydrating processfs must be borne in mind 
between the method of France—where pyroxylin alone is hydra\dically 
]>ress(!d, and in which therefore alcohol could be used to replace the 
remaining moisture without exerting any dksolving effect upon the 
pyroxylin—and the i)rocess of Hyatt, in which the pyroxylin and 
cam])hor ai'c. givnind together before the moisture is expre.s.sed from the 
formei, and in which the remaining moisture could be not replaced 
by alcohols ou account of the direct solvent action upon pyroxylin of 
the, canqdior and ailded alcohol. 

Solvent Recovery. In the luejairalion of ])yroxylin plastics 
according to the Hyatt methods, tlie amount of .solvent relative to 
the jiyroxylin is coinjiaratively so small that its recovery is not 
practiced, 'riie, method of celluloid formation of Magnus & Co. 
of lleiiin, retiuires a much larger percentage of solvent, and in this 
process st)lvent recovery has been ju'acticcd with considerable suc¬ 
cess. 'riui mode of preparation by this process is said to consist in 
dissolving .’it) parts by weight of pyroxylin in a mixture of ether 95, 
alcohol 5 in wduch has been dissolved camphor 2S fall parts by weight). 
The pio])ortion of camphor to jiyroxylin appeans unduly high, as pro¬ 
ducing a mixture more expensive th.an necessary. While the literature 
.states tliat stoiuwvarc! pots cr)vered w’ith loaded rubber plates are used 
for dissolving pur])oscs, undoubtedly the modern method of mechan¬ 
ical mixei's with suction arrangement for the removal and condensa¬ 
tion of ellmr vapor is used. After a homogeneous solution has resulted 
the mixture may be (daritied if the i)lastic is designed for transparent 
articles, by filtration under reduce<l pre.ssure with provision for con¬ 
densation of ether vapor, or a portion of the solvent may be directly 
removed by partial pressure distillation, with refrigeration and con¬ 
densation of the distillate of ether vapor. In such a method of con- 
1. U.S.P. 3196.59, 1886. 
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centration of the plastic, the uniform escape of both alcohol and ether 
will be facilitated by a mechanical Stirling device during the vacuum 
distillation process. In order to eliminate a small ammlint of water 
present from the moist pyroxylin undoubtedly used, from rr-lO®,', of 
higher boiling-point solvent may be introduced and the temperature 
of the still finally raised above the vapor tension of water. When 
the solvent has been distilled to a point where the mass is of a semi- 
solid consistency, it may be taken out of the still, and the remainder 
of solvent removed by mastication under heated rolls .and with pres¬ 
sure as previously described, no attempt being made to recover the 
small amoutit of solvent still left. 

The mixture of alcohol and ether recovered may Ire <leh.\drated 
with calcium chloiide or by passage through refrigerating coils, thus 
separating the major portion of the contained water, and sufficioutly 
purifying the ether so that it may be reused in another dissolving 
process. Statements in the literatrirc that the pyroxylin is dried 
upon hot iron plates, and that no attempt, is made to recover the cthci' 
from a formida as given above, is not in accord with modern chemical 
procedure. Where ether is used as a solvcuit, the well-known .fa<'t 
that ether and air forms an explosive combination which is luiavicr 
than the air itself, calls for great piecaution in •ventilation in all proc¬ 
esses where this volatile solvent is concerned. The methods of alcoliol 
and ether recovery practiced in the mamifacture of nitrocellulose 
powder in grains in the United States, as described in Chapter XVI11 
would be applicable, and very satisfactory from the point of economy 
ill percentage of ether recovered to nitrocellulose dis.solved or gelat¬ 
inized. In the method of Schering in forming the non-plastic (■clloidin 
described in t hapter XV, the pyroxylin is brought intosolution with a 
highly volatile solvent mixture, and after (dai'ification by filtration, 
the pyroxydin is reduced to a non-moldablc solid form by vacuum dis¬ 
tillation, the fluid being recovered and used again. In the formation 
of that purified form of cellulose nitrate called “jihotoxyliii ” a sim¬ 
ilar method of filtration and reduction to solid foriuTy reduced jires- 
sure distillation is resorted to, the major portion of the solvents being 
regenerated. 

The question of the advisability of solvent reco'very hinges on the 
amount of solvent present, it Vjcing evident that it is much more 
advisable and economical, whore possible, to use a minimum of solvent 
than a larger volume and resort to subsequent recoveiy. 

Conversion of Pyroxylin into Plastic. After the moisture has 
been sufficiently expelled by pressure—which in rare imil.ances requires 
two to three days of twenty-four hours each—the cakes are broken into 



CELLULOID AND THE PYROXYLIN PLASTICS 


607 


imall pieces by being passed through rubber cracking rolls, after which, 
n order to guard against loss of camphor, the mixture Ls immediately 
)laced in zinc-lined containers or “ converting boxes ” with tightly 
itting covers. The proportion of camphor used is about one-fourth 
iy weight of the pyroxylin present in those plastics containing no 
jigment. The necessary amount of alcohol is sprayed into the boxes 
vhile the contents arc being thoroughly slirred, the amount of fluid 
icldom exceeding 10',',') of the weight of ]iyroxy!in present,* the adtli- 
ion of alcohol requiring from ten to thirty minutes, depending on the 
lize of the batch operated upon. The rover is carefully adjusted 
ind the mass left to ripen or the alcohol to thoroughly penetrate,^ 
;his usually reriuiriiig several liorn-.s,. or better, over night.'* 

When the pi'o])ei' peiretration of alcohol has takr'n jrlace as indicated 
ry the milky, glazed appeararree of-the rmws.-in the convcrtiirg boxes, 
t is takeir out attd subjected to the actioir of irrasticatirrg rolls in a 


1. If the inalcrial in Itic enuverting liox in freely cxpiiseil to the air for Hcvpral 
lays, the leniiH'raturn of eonver.sion in the masliciiting rolls would be inereaacd, 
Old this not alone due to possible evaporation of solvent. When proper peiie- 
,rat ion of the ideohol litis ooeurred, the mass will take oti an easily rccoKnized and 
ndforni color throughout, and this usually occurs in twelve to fifteen hours after 
be alcohol ha,s been ailiied, the time being decreased with the thovoughness of 
dirring during the nt'riod rtf udtlitig the alcohol. It aitjtears as if the alcohol e.\erted 
I .slight solvent- action on the pyroxylin, because then' is occasionally formerl a sort of 
ilaze upon the surfaci' of thebruketi cakes, indicating solvetil action to have taken 
ilacc. Wheti such a glazed particle has been placed uiron themicroscoiie st-ageand 
'xainined, no paper or cotton lilarnents or other structural form can be notc-il. 
\ltbough a great deal of experimentation has been given to the subject, it is as yet 
in unsettlcil rjuestion as to whether the cainjihor does exert a cneraieal action 
inion tile pyroxylin, and whether a true solution or a physical adhesion results. It is 
i fact, however, that the camphor may be removed entirely from the converted 
mass by means of benzine, benzene or other agents, but not by alcohol, Frir 
description of an excellent celluloid press see W. Liidovici, D.U.P. ITOlbtl, IDOj. 

v. 'I’he alcohol is added for the .sole purpose of lowering the point of conver¬ 
sion of rhe camphor in order to iiroduce a plastic nioldable and workable at a temper- 
id ore below that of the melting point of camphor. .\11 the commercial celluloid 
id 'preseid, manufactured has a eoiiverting point or plasticity much below that 
of lioiliiig water, and in the neigbborliootl of 8tU; in Tact it would at the present 
I line be practically impossible to sell commercial celluloid which could not be worked 
or molded at the temperature of hot water. The usual method of forming combs, 
etc., ist-o place crude abects cut projicrly in a mold wdiich is then plunged into hot 
water until the celluloid has softened, and adapted itself to the form of the mold, 
after which the latter is taken out of t-lie water, cooled, and the ornament, properly 
formed, removed from the die. The ideal converting point of a pyro.xylin plastic 
would lie that, temperature, jtist sufficiently above maximum summer heat so that 
ornaments would not soften in the hottc.st weather when exposed to the direct 
rays of the sun. 

‘ 3. ,\s the solvent in the Hyatt proee.sscs is so small as to be seldom if ever 
recovered, just suHicient solvent is added to thoroughly penneate tlie mass, and 
cause the same to continue sufficiently fluid to stand the iiecessiiry mastication 
without becoming too solid. If Hie beat- of the masticating rolls is too high or 
unduly prolonged, a -small aineunt, of alcohol may have to be added to the plastic 
mass while still being manipulated under the rolls. When the mass is first placed 
on the rolls, no heat is applied on account of the friction gnulually warming the 
mass as it passes and rcpaascs through the rolls. 
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machine (Fig. 160) similar to that used in the rubber industry, being 
passed back and forth through the rolls for a period of from thirty 
to fifty minutes, the hollow rolls being steam heated and kept at a 
temperature of 58-6S°.' The longer the masticating process is earned 
on, the more nearly transparent does the plastic become, the time 
of mastication being governed by Ihe appearam^o of the rolled plastuu 
The rofis are arranged so that cold water may be admitted to their 
interior Instead of steam, if the beat becomes excessive. 

After masticating the required length of time, the mass becomes 
porous ccfluloid, the majority of air bubbles have been removed, 
the mass has lost all structural form, and has been become an easily 
workable, doughy mass, which may be readily stripped from the rolls. 



a stripping ('dge being obtained by cutting through the mass wilh a 
knife. The crude celluloid is now placed in stuffing maidiines and 
forced out into tubes, rods, or other suitable forms, aggregaUal into 
blocks and planed or cut into strips and sections, or formed into the 
various articles of commerce to bo described. 

Horace Miller = has invented a process for the removal of con¬ 
siderable of the solvent and moisture remaining in the plastic after 
leaving the masticating rolls, which materially lessens the time of 
seasoning. This is accomplished by means of the ajiparatus shown 
in Figs. 161, 1G2, in which is drawn the side elevation of an evaporat- 
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ng press, the plates, blotters, and cakes of plastic material being shown, 
ander pressure, and the plates included in the electric circuit.^ The 
lakes of material G, constituting the material as taken from the masticat¬ 
ing rolls, and while still warm and soft, are each placed between layers 
of blotters or other absorbent II, arranged between pairs of plates 
I, and when the head D is filled, the current is turned on and pressure 
applied. By means of the electric current connected with each intei- 





])()seii metal plate, heat is applied to th(^ jilates just sufficient to vapor¬ 
ize all solvent and moisture absorbed by the blotters, so that instead 

1. I'is- 101 is a ilolarlioil plan view of the outer or smooth face of one of the 
tilali's, am! a like view of a portion of the opjiosite face of saiil. plate, and FIr. 162 
;i (h'taehed vertical secti(ai through a hank of the plates, blotters, and cakes of 
iilastic, the section heiiiR on the dotted lines 4-d, FIr. 161. In the drawiiiRS A 
deViRnates the hydraulic cylinder, li the pluiiRcr, C the platen on the plunRer, D, K 
the top and bottom heads' and F the supportgiR rods. The |)latcs 1 are perforated 
and corrugatcil, and arraiiRcd in pairs with the corruRalcd surfaces in face 
to face contact, the eorruRations in one plate, however, cxtendiiiR at right angles 
to those of the next adjoining plate, so as lo cross each other and fonn outlets 
for tiic escape of the moisture which may i)ass into the iicrforat.ions. The perfor¬ 
ations referred to arc designated by the letter J and the corrugations by the 
letter K, 
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of several times changing blotters as in many of the earlier processes 
a continuous pressure and warmth is exerted until no more solvent 
and moisture is absorbed, when the plastic may then be removed to 
the seasoning chambers and the drying completed in a fraction of the 
time otherwise required. The current heating the plates is controlled 
by a rheostat, in order that the plates may be given just sufficient 



Eic. 162.—The Miller Apparaivis for Dryinfi; Pyroxylin I'ln.slics. 

heat appropiiate for the material under treatment and accoiding 
to the nature and condition at the time of ajiplying the pressure. A.s 
the amount of moisture and solvent becomes reduced from continued 
heat and pressure, the ])lateH arc heated to a higher tempe]-atur<' t.o 
drive off the remaining ijortion of moisture and alcohol. This method 
is an important time-saving stej) betweeti mastication to comph'te 
conversion and the elimination of last ti'aces of solvent by the customai'y 
curing or seasoning ju'oeess, and is e.specially applicable where the 
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maximum amount of solvent must be exjjelled in order to secure 
the minimum of warpage, as in plastic sheets intended for the manu¬ 
facture of triangles, T-squares, straight edges, and other exact instru¬ 
ments where a small waq)age would seriously impair the value of the 
article. 

Seasoning Crude Pyroxylin Plastic. After conq)letion of con¬ 
version by mastication and heat as indicated by a uniform trans- 
]u(-ence of tlie softened jiyroxylin and entire absence of dull, granular 
or cloudy spots indicative of incomplete or irregular conversion, 
the material may or may not be subje<'ted to an intermediate pre.ssure 
|))’ocess according to tlu' described method of Miller. If not, the remain¬ 
ing (practically so) luntion of solvent is eliminated by jdaclng the fomis 
in fin or ziiic-lim'd rooms on trays so arranged as to admit of free 
and thorough ciiculation of air, the temperature of the drying rooms 
being maintained day and night in the neighborhood of .aO”, the dry¬ 
ing ])rocess continuing from one da}^ for thin sheets to two to four 
months with thick slabs and rods. The amount of solvent volatilized in 
the seasoning i)roccss as indicat('d by loss in weight is relatively small— 
seldom over 3'),',—the drying being considered comidete when the inte¬ 
rior of the mass has lost a i)ecullar lardaccotas appearance indicative of 
the presence of traces of sob'ent, or when a small lioring made in a 
block, and the small pieces dried to constant weight sit 100°, does 
not lose more than 1-1.5%, in six hours. There will always be a 
slight and continuing diminution in weight of plastic, due primarily 
to loss of canqJior, but in commercial work this is negligible. 

The methods of elimination of solvent by vacuum drying, while 
j)erhai)s of value where small amounts only of material are treated, 
is not used where large amounts of jilastic are undergoing the curing 
jirocess from “ greep ” to “ seasoned ” goods. The principal dis¬ 
advantage to vacuum drying is th(' fre(iuent opening and closing of 
the drving ovens, it being more economical to constnu't fewer large 
chambers than a larger number of smaller units. The following 
fa(ttors are taken into consideration in judging of the time required 
to com])lete the seasoning jirocess, it being understood that in any 
instance there is not total removal of solvent, but sufficient removal 
to produce a minimum waiqiage, that minimum varying with the mse 
to which the article is to be jnit, and being most rigorous in mathemat¬ 
ical and physical instruments, as nders and straight edges, where any 
appreciable warpage would render the instrument valueless for accurate 
work. 

In judging of the time re()uir(al for satisfactoi'y seasoning, the 
factors taken into consideration are: 
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1. Completenc.“s of solvent removul before introduction into dry¬ 
ing chambers. 

2. Nature of solvent jjresent, the boiling-])oint governing speed 
of drying. 

3. Purity of solvent used, as regards high boiling-point residues 
as impuiities. 

4. Size and weight of pieces of jdastic. 

5. Toinpcratiire of chainber and efficiency of air circulation therein. 

6. Vapor letLsion of admitted air as regards degree of saturation 
with moisture. 

In tlie seasoning of thin slieets of celluloid, wlu're the slu'cts are 
each attached to a pair of fi-ames, between which the; matei'ial is secured 




Fig. lf)3.—The Eilson Method of Drying Celluloid. 


by means of bolts and thumb pieces, there is often a considerafile 
percentage of loss of material by reason of injury to the edges of the 
sheet between tlie frames, which often causes it to warp to sucfi a state 
as to be unmerchantable. J. Edson * has devised a metliod of dry¬ 
ing sheets which overcomes many of tlie difficulties just mentioned. 
It consists in providing an upright frame (Fig. 103), of the requisite 
strength and proportions, provided with horizontal rests or cross¬ 
pieces and adapted to supjiort a series of horizontal frames between 
which are smaller frames intended to hold the sheets and locked by 
1. II.S.P. 210235, 1879. 
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means of wedges. The smaller rectangular frames have rectangular 
interior edges, and are ])erforated horizontally, so as to permit of an 
arlificial cii'culafion of air betwc(ui them. The c.xtreme edges of the 
sheets are ])laeed between the smaller frames, as many being used as 
convenient, when they are locked together. Heated air is then drawn 
or forced through the perforations in the frames until the sheets are 
fully dry. To effectuate the circulation of the air, the structure may 
be ])lac('d in a heated room and the air drawn through the perforations 
by suction. I'he highly imjiortant feature of the invention is the 
frames C, which should he carefully constructed.’ 

The McCainc Method of Seasoning Celluloid has for its principal 
object the elimination of air bubbles and last traces of liquid srilvcnts.^ 
The ])yroxylin is dissolved in anj' suitable solvent—such as sulphuric 
ether and alcohol—to which is added a small (piantity of oil of cassia, 
canqihor, or other substance which will remain in the compound and act 
as a latent solvent- when exjiosed to heat, and such pigments are also 
added as are retpiired to give it the desired color, elasticity, and weight, 
the whole being mixed together, until the ingredients have become 
])erf(‘ctty commirigleil into a homogeneous mass. The latter is then 
cast in molds of any (h'sired pattern, and allowed to remain therein 
from twenty-four to forty-eight hours, when it will be sufficiently 
ha-rd to admit of being cut into strips from in. in thickness. The 
strijis are plan'd in a drying-i'haniber heated to about .50°, where 
they are allowed to remain about twenty-four hours, ■when they will 
have become siifliciently hand for further ti-eatment. The strips 
are jilaced in a mold of any desired form and heated to about 05°, 
and while thus healed subjected to a pressure of about 400 lb. per 
sq.in The mati'l'ial is thus compacted into a solid mass in a semi- 
dry slate, having conqiarat-ively few air bubbles or spaces. It is 
to the material in this coiidition that this process is claimed to be 
jiroferably ajqilied, although it is applicable to the material in any fonn 
it it v.out ains a latciit, solvent. 

1. Till! mran.s i>l drying siiown in tlie drawing, consists in placing the struc¬ 
ture ill a healed room or compartment (indicated liy the letter P) and .supple¬ 
menting i( w'itli Itie vertical pijip L, provided witli the apcrtiirc.s m, and connected 
wiOi a suction pum]i having .a discharge opening out of tiio compartment, as may 
lie convenient. The frames having the horizontal apertures c in three of their 
sides, are imserled in place and liaYed, tile apertures c’ lieiiig in proximity to the 
apertures m in the pipe L, ttie parts lieing so adjusted that when the suction pump 
is operated a current througli all Itie intervals between the sheets in all the sections 
will he erealeil simultiineoii.sly. The suction pump being worked, the heateit air 
is drawn into the intervals and across the faces of tlie slieets, thus speedily 
diying the .sheets witli but little buckling. 

2. W. MeCaino, U.S.P. 2172,‘12, lS7ti; 27(144.4,1SH4; Daniel and David Mctiaine, 
U.S.P. 2.SC212, bs,s;j, in which jiroccss turpentine or benzine is added to the form¬ 
ula to assist ill the expulsion of air bubbles. 
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The process is as follows: The blocks formed in the molds, as 
above described, arc converted into fine shavings, which may be 
c;onvenicntly done by a hand plane, cir by turning in a lathe, and these 
shavings are laibbcd through a sieve to reduce the material to a powder. 
When in this pulverulent state the volatile solvents may be entirely 
evaporated, and hence the fine particles composing it will all harden 
alike when exposed to the heat of a drying kiln. Tn fact, the finer 
the particles the more perfect will be the result and product obtained 
by the drying process. The jjowder is jjlaced in a kiln heated to .')0° 
and ke])t therein for about tweuty-fo\u' houi's, when it will bo suf¬ 
ficiently hard for practical purposes. Tlie dried jxjwder is then placed 
in a mold of the form it is dwired to produce, and the mold subjected 
to a heat of aliout 100°, and while thus heated .a ju'essure of about 
one ton ])er .sq.in. is applied to compact the powder into a solid, homo¬ 
geneous imiss. 

The Horace Miller Method of Celluloid Manufacture, allliougli 
somewhat comjjlicated, is notew'orthy because designed to eliminate 
some, of the.usual steps in manufacture, and esi)ecially the seasoning 
I)rocess, which is both time-consviming and has a tfuidency to dis¬ 
color transi)arent plastics. To brielly recapitulate the steps in plastic 
production in order to more readily jjcrccivc the iidvantage in this 
invention, it will be remembered that aftei' the paper has been nitrated 
and “ whizaed,” the cakes are then disintegrated by “ crushing 
rolls,” and the materiid formed thoroughly mi.\ed with solvents and 
left in an air-tight box until the solvent lias entii'cly permeated 
the mass, when it'will lie ready for the next step of the process, which 
is its subjection to heated calender rolls to comiilete the. thorough 
mixing of the ingredients and the formation of a unifoi'in homogeneous 
mass. The material is then pressed into slabs and sheeted or given 
other form, and seasoned in driers at a temperature of about 50° for 
the ])urpose of extracting as far as desirable 1,hc liquid solvents. The 
material is then in condition to be utilized for the various articles 
of commerce to which it is ajiplicatile, and may be molded into the 
desired outlines. 

The molding of the celluloid may lie performed in cither of two 
ways. First, the stock may be placed in the mold and both then 
placed in a hydraulic press and heated. After the jwoiier softening 
of the stock under the action of the heat, pressure is applied to close 
the mold, whereupon the mold and its contents will be cooled by water, 
and thereafter tlie pressure relieved and the molded aiticle removed; 
or, second, the mold and stoidc may be jilaccd on a steam table and 
there allowed to remain until the pi'opcr heat in the mold and softness 
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of the stock have been attained, after which the stock is closed within 
tlie mold and the latter placed in a cooling press under hydraulic 
pressure. This pressure will be continued until the cooling has been 
effected, when it will be relieved and the molded article withdrawn. 

In regal d to the above process of manufacturing celluloid it is 
important to note, as bearing on the present invention, that during 
th# lolling of the .stock on the heated calender rolls probably 50% of 
the alcohol (solvent) evajiorates or is lost because of the great and 
evi'i’-changing surface of the stock; also that the stock after leaving 



Fid. lot —CcllaluitI MauafuctiiJt*, according to Miller. 


liie rolls must remain soft enough upon being pressed into the large 
cake or slab, to pimnit the sheeting of the latter by means of knives, 
and that it is the excessive quantity of .solvent in the material which 
neces.sitales the long-continued seasoning of the latter for its removal. 

Willi Miller’s jmicess, shown in detail in the accompanying draw¬ 
ings (Figs. Hid-1(17), thernateiial is left in condition for immediate 
molding, insteail of the long jieiiod of seasoning prcparatoiy to forming 
the finished articles. In carrying into practice this portion of the 
invention, the granular mateilal (pyroxylin, camphor, pigment) is 
taken from the crushing rolls, and discarding all subsequent steps 
and apparatus of manufaclurc just referred to, solvent, usually ethyl 
alcohol in amount of about 2.V’,' of the weight of the pyroxylin-camphor 
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mass IS added, and the whole directly placed into the mouth of the 
heated screw stuffer A", the mass being thoroughly kneaded therein 
and discharged a completed compound from the nozzle C" in condi¬ 
tion stated to be api)ropriatc for immediately molding in the dies.' 
In the heated screw stuffer the evaporation of solvents is reduced to 
a minimum, not being exposed to the atmosphere as on the calender 
ndls of some methods; and since the material (celluloid) after leav¬ 
ing the stuffer is subjected to no process other than molding it may 
contain only that amount of solvent, which, acconling to the former 



methods, would lemain in the material after the t(>n days’ or six weeks’ 
seasoning in a heated drier. The material is thus from the dry graindar 
form taken from the crushing rolls comjdeted into the finished celluloid 
by a single operation, and leaves the stuffer with just the reipiired 
amount of solvent necessary for its immediate molding in the dies, 
or to be run off into rods, tubes, or strips for commercial purposes. The 
celluloid leaving the stuffer, being already in a heated condition, may 


1. U.S.P. 5:11445, LS«5. 
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be at once molded in the machine shown without further heating. 
One of the difficulties encountered in the commercial use of this proc¬ 
ess, is the fact that the solvent is not always sufficiently eliminated 
so as to take the place of the usual process, and when the speed of pro¬ 
duction is slowed down to the point where the plastic is kept in the 
stufFer under heat and press\ire until the volatile portioas have been 



Fig. lUfi.—Celluloid Manufacture, according to Alillcr. 


sufficiently dissipated, it is found that the amount turned out in a 
given time is not great. 

Utilizing Celluloid Waste. .\s appears from a description 
of the foregoing i)roces.ses of manipulation, especially in shaping the 
rough celluloid into finished articles, there is, of necessity, a large 
amount of small and waste [neces, their economical utilization being 
an important consideration. 0. Monroe' was the first to describe a 


1. U.S.P. 244910, ISSl. 
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prooRss for treatin;;; these sci'aps, which consisted in combined mastica¬ 
tion and compression as shown in I'i;;. lOS. He cond)incd t)oth admix¬ 



ture by firindin^f, and union by sid)sp(iuent ])rcssurc. Tlic waste was 
fiist trcMdcd willi an appiopriate solvent to soften it,,' ])assed thi'ouf'li 



Fin. 1C.S.—The Monroe Procea.s for UtilizinK relluloid Semp. 


fi’ ll'e p-een ” state it Mill asuallv tie fiiiffieient to din it 

in the solvent for hut a few momenl.s, wliieli will cau.se it, to take up cnouiriM.f 
the liquid to readily coalesce. If it is iu the form of sca.soiied scrap longer immer¬ 
sion IS necessary, from one to twenty-four hours being the usual time. 
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nnxinj; rollers of ordinary construction A, which delivered it into 
the receptacle B, where by means of the pressure exerted by the 
small nozzle, the waste emerged as a homogeneous mass of the [iroper 
consistency.* In another method (Fig. 16S) a machine consisting 
of a ('ylinder Q, containing a screw or threaded shaft R, and an outlet 
S, of reduts'd diameter is used, the material being fed int.o the hojrper 
after softcniiig by a solvent as described before. Upon issuing from 
the oiificc iS' the mass will be found to be cumoletely inteimingled 
and blended. Any color may be introduced in the hopper with the 
scrap, when the i.ssiiing mixtui’e will he found of a homogeneous tint, 
thus showing the elTcctiveness of the method. 

In order to reduce the amount of solvent necessary to soften the 
scrap preliminary to mixing, 1. Kitsee** fills a retort B (Fig. 109) 



I’io. Kill.- The Jvitsco Distillation Ulclliod of Celluloid Scrap Rccor-ery. 

with the solvent, which is distilled through the .scrap in the wire 
gauze, basket a, and jrassing thi'ough the worm is condensed in the 
ri‘cp))tacle DA After the mass has become sufficiently softerred, it 
is I'l'tnoved and worked the same as with unseasonerl plastic.'* In 
the alrove tlescribctl processes no i>rovision is itrade for r'crdanralion 

1. It is (|uit(‘ irn]>r>i'tant that tlic di.srdiargc orifice hr^ of .sucli diameter as 
III accomplr.sli Ihc projier eiinipic.ssiim or semi-sol id ifieal ion of the inuteriul wilh- 
ont eausingit to lie Kki tirthlly iiackcd. If the nozzle is too largr* the material may 
he delivered in sucli form tiiat it will he. eomparatively valueless liy not adher¬ 
ing, while if the nozzle he loo .small, great dillicnlty will tic experieiieed in expel¬ 
ling the material from the maehine, anti wlien finally exiH'lled it will he so nearly 
solidified as to reiptire meelianieal disintegration before u.se. 

2. b.S.P. 7fi7(i-lfi, HKU. 

h. Tile elieek valve d' is attaolied to tlie worm d Iti ctinfinc llic vapors within 
the tank and (lenetrale tlie loose eelluloiil till a prearranged pressure i.s obtained. 
In this iniumcr jienetration is ttecomplished more ipiickly, wilh less solvent, anil 
the sur[)his vapor will enter the condenser upon exceeding the dctcrmineil pressure. 

4. Proce8.s of 11. Cave-Browne (E.P. ■222y'J, PJO'J) is substantially the same. 
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where a fabric forms an integral pait, as in the cuttings from cclluloirl 
collar and cuff manufacture, where a linen fabric forms a backing or 
lining of the material. This is best accomplished by placing the scrap 
in a barrrel and tundrling with weights as described under Pyroxylin 
Lacquers (Chapter X) the fabric being afterward separated by pres¬ 
sure. Methods have been proposed in which the fabric is completely 



Fir. 170.—The tSarbin Apparatus for Utiliziiif: the Waste uf Celluloid. 

disintegrated, but the plastic has been so (hrconqtosed by the treatment 
as to bo practically valueless, and this process is not used commercially. 

In order to recover the inilividiiai constituents of the plastic, K. 
Garbin first cleanses the waste in it warm bath of slightly alkaline water, 
and then treats either by a tlry nr a wet process.' In the former, 

1. U.S.I'. S711.SI, 1!I07; (iarl)iii & (1. ficrurd, F.I’. Il.linstl, 11)0.',; (i. (Icrard, 
D.R.P. 181500, 1005; Garhiii, Gerard .i C. Gerard, E.P. 10310, 1005. 














CELLULOID AND THE PYROXYLIN PLASTICS 


621 


fragments of waste celluloid which are not too small are packed" in a 
tube perforated at one end, which communicates with a condenser 
tube and receiver. The charge is ignited by inserting a heated plug 
in a small hole at the closed end of the tube. A slow combustion of 


the waste is thus induced, wdiereby 
camphor and nitric acid distill 
over and are collected. In the wet 
process, which ajjpears more feasible 
(Figs. 170, 171), 20 i.s the reservoir 
in which the reaction of caustic soda 
on the wa.ste celluloid is carried 
out, the reservoir communicating at 
its top with the bottom of reservoir 
22, containing sodium bisulphite, 
and this again connects with reser¬ 
voir 21, containing cold water. The 
material is fed in the twin tubes 28, 
20, by being placed on the drum 
32. The celluloid i.s decomposed by 



means of the caustic soda and the 


camphor is distilled off by steam, 
imrilled in the sodium bisulphite 
biith and finally collected in the 
cold water. In the dry process the 
acid liquid is mixed with the alka¬ 
line liquid froiii the wet process, 
the canqrhor distilled off and the 
sodium nitrate recovered.^ 

M. Tortelli 2 recovers the con¬ 
st itiuuits from waste celluloid com¬ 
pounds by gi'inding the scraps to 
powder and digesting the niass with 



a sulphide, hydi'osulphidc, or thio- Fig. 171. —The G.arbin Apparatus for 
carbonate of an alkali or alkaline Wa.ste Oelluloi.i. 


?urth, preferably sodium. After ten to twelve hours^ dijicstion, the 
denitrating- agent is removed <*eiitrifugally, the residue treated with 


1. Uith pyroxylin waste containing; no camphor,—velvri], artificial silk, 
artificial cork aiul leather,- the oj^cration iw cfnifified to simple hot treatment 
with caustic .soda, distillation becoming unnecessary. In the case of explosives, 
as cordite, filitc, ballistite, panclasite, and guncotton, special precautions must 
be taken that the tomj)erature duos not rise above 60°, and it is also advisable 
to intHMluef' such snfistances into the bath by hand and not by means of the aultv 
matic distributor shown, 

2. E.P.y568, 1907; F,P. 373273. 1907: D.ll.P. 20r.S6.'i 1907 
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about 3% alkali hydroxide and sodium alum, and the volatile con¬ 
stituents as camphor, or naphthalene removed by superheated steam 
distillation. The (lenitratin;:; solution is used repeatedly an<l \intil 
it has becwnic sufficiently rich in nitrates, to be treated foi' the recovery 
of nitric acid. 

Denitration of Celluloid. Numerous attempts have been made 
to find <'ommercial uses for denilrated celluloid, but in lUiarly every 
instance the denitralcd product has been unable to compcf.e in cost 
with similar products prepared from cellulo.se direct. In E. 'It'eston’s 
process' the nitrated cott.ou was treated with ferrous chloride, ferrous 
sulphate, or atnmortiunt sulphide in arpieorts solulion. The celluloid 
was irrrnrerscd irr the deoxidizina; bath in which it was left ttnlil entirely 
reduced to cellulose. This, after wa.shirrs aird dryirtf;, formed a dense, 
tenacious and flexible article, clairrted to be' especially applicable to 
the foimatiorr of heltirrg and electric-light filanrents. 

In the process of II. Turgard " the usital denitrating pr'eparation 
of ammonium sulphide, hydrosul|)hide, rrr similar alkaline sulphides 
is modified by the addition of silver sul[)hide to the alkaliire suljrhide 
irr amounts of about 2 gin. prrr 1. of solution. Whor'rais in the usual 
denitration of ]ryroxylin for carbon filaments by ammonium sulphide, 
it is claimed the usual yellow stain of free sulphur h'ft on the filament 
after denilr'ation and befor'c carbonization, may be eliminated by 
the addition of small iviuouiits of silver sulphide. The br'own tint of 
the denitrated filament in this in,stance is r-eadily removed by dilute 
nitr-ic acid oi' bleaching agents, and even str'ong hydrogen dioxidm 
The denitration of jiyroxylin plastics at the irr'osent time has not assurueil 
great importance. 

Pyroxylin Plastic Manufacture According to Tribouillet and 
Besancele," According to this method, it is stated that, JDO [lai-ts of 
pyroxylin are mixed with 42-50 parts of finely powdered camphor, 
the ingredients being inclosed in a .stout cloth and this in turn in a 
haircloth bag, being then pressed hydraidically in a press with hol¬ 
low sides carrying steam connection. .Aftei' th<! maximum pressure 
has been established, it is maintained for one or more hours, ami until 
practically no more moisture from the dami'j pyi'oxylin can bo ex[)i'cssed. 
An arrangement is described for recovering the escaping vapors by 
inclosing the press in a box and connected by pipe with a lefrigcrating 
system, but as the vapors can consist of moisture containing only 
a minute amount of camphor, the value of recovery is not apparent. 

1. U.B.P. 2B4!IS7, 1SS2. 

2. U.K.P. r)U,S124, IStti, E.P. 21875!), 1892. 

3. E.P. .50.57, 1.S7S. 
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Tlie cakes of pyroxylin and camphor upon being taken from the 
press are placed in a chamber, where it is said the remaining moisture 
is taken up by a dcli((ucscent substance as calcium chloride or sul¬ 
phuric acid, the conversion into celluloid being considered as com¬ 
pleted when all the moisture has been eliminated. However, the 
final product as described above is not celluloid in any sense of the 
word, there being no pla.stic combination, unless the heat of tin; 
press is kept at a temperature of 100-130° during pressure, and in 
view of the danger attendant upon such a procedure, this appears 
highly improbable. If a plastic is formed in the press, it would be 
futile to endeavor to abstract moisture from such a colloidal ma.ss by 
means of the prestmee of hygroscopic agents alone. It is stated that 
the plastic is given a final immersion in sodium silicate, sodium phos¬ 
phate, ammonium ])hosjihate, or lead borate, to decrease the inflam¬ 
mability. 

The Stains Company Method of Celluloid Manufacture is said 
to consist in dissolving the ground pyro.xyliri mi.xed with the necessary 
coloring matter, with a solution of two volumes of camphor saturated 
with alcohol, the water being first removed from the pyroxylin by 
pressure. After the .solvent lias ]iermeated the mass, additional 
alcohol in amount equal to about of pyroxylin is added and 
incorporated with the mass by stirring. When the mass has attained 
a gelatinous consistency it is milled under lieaterl rollers to reduce 
the amount of solvent and jiroduce a plastic which becomes hard 
when cooled. If this is the method used, it will bo noted that it differs 
in nothing e,sscntial from the detailed process previously described.^ 

Plastic Manufacture by Intense Cold. A novel process has 
been advocated by (1. Benjamin of New Yoik,^ for the preparation 
of celluloid by means of intense cold, with the object in mind of avoid- 

1. According to the cx])irci! patent of Magnus & Co. of IJcrlin, the pyroxylin 
is dist,lived in a solution of 9.) parts of ether and parts of alcohol (by volume) 
in an earthenware crock, which is covered witii a rulilier top. T. 1'’. Be.st treats 
cellulosr' witli nitric and siilplmrie aciils in tlie usual way. and tlien saturates witli 
a solution of aiilplmrou.s acid, and heat.s tlie ndxtiire in a closed vessel at 3S°, until 
the exce.ss of nitric acid i.s deemiiposed. The mass is tlien neutralized, dritsi and 
combined with camphor. According to 1.. Moranc (I'M’, giliisil, 19111) the nitrated 
cotton i.s waslicd, iieulratized, and pressed liydraiilically until it coniains liui l.^i' 
20% of water. The still moist iiilroeelhiloso is di.ssolved, carried throiigii some 
kind of a purifying appanitu.s. and into a ciosisl comparlimmt comieetod on one 
hand with a vcntiiaior and on I he oilier witii a canal containing a series of steam 
pipes. The temperature and volume of air entering file compartment is regulated, 
the temperature being at ahoiit tlie boiling point of tlie solvent. Tlie aspirated 
air passes through condensing coils wliereby consiilerahle of tlie solvent is recov¬ 
ered. The nitrocellulose solution is forced into miiuiie pipes and these projected 
into the closed compartment, tlie nitropellulo.se falling to the liottom and a major¬ 
ity of the solvent iieing volatilized and subsequently eondenaed. Tlie mass of 
threads i.s finally mixed with camphor, and rolled into a plastic ma.ss. 

2. U.S.P. 677012, 1901. 
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ing the possibility of explosion during the mec^hanical treatment of the 
materials necessary to their intimate mixing, and also to economize 
on the amount of solvent used. Instead of the usual process of celluloid 
manufacture in which a mechanical mixture of camphor and pyroxylin 
is effected, a suitable liquid solvent introduced, and the mixture sub¬ 
jected to pressure and heat together with hot or cold rolling to remove 
excess of solvent where a solid is required, Benjamin claims to have 
found out that where pyroxylin, camphor, and a suitable solvent 
(say alcohol and ether) are subjected for a sufficient time to the 
action of intense cold—such, for instance, as may be obtained by moans 
of liquid air, the liquid solvent will be brought to the solid state, and • 
then all the ingredients being solids, they may be intimately ground 
together with no diinger of explosion whatever. It is stated that the 
constituents, upon regaining the normal atmospheric temperature, will 
have combined mechanically or coacted to a homogeneous comi)ound, 
having the form of a solid or liqtiid, depending on the amount of 
the original solvent.’ The author is unaware of this method being 
used anywhere on a manufacturing scale. 

J Uninflammable Pyroxylin Plastics.” The pyroxylin plastics 
are inflammable, but not combustible, their heat of tlecomposition 
fluctuating within wide limits, due to variations in methods of manu¬ 
facture, efficiency of stabilizing agents introduced, and the .amount 
and nature of pigment they contain. Pigments, .as zinc oxide or car¬ 
bonate, increase the stability and decrease the .-peed of burning, from 
the presence of the incombustible inorganic mass and the alkalinity 
of the base acting as a neutralizant for small amounts of liberated 
acids. A great many attempts have been made to decrease or entii'cly 
eliminate inflammability from the,se plastics, and with varying amounts 
of success. With the rapid growth of the “ moving picture ” industry, 
and the safeguards which have been thrown around it by municipal 

1. It is recomnicnded to take 1 part of pyroxylin, and suliject to the action 
of intense cold, preferably by immersing the pyroxylin in li<|ui(l air from .six to ten 
minutes. Upon withdrawing the frozen pyroxylin it is placed in un ordinary 
iron mill, the metal of which is kept at a low t(‘mj>erature by means of liquid 
air, and ground to an impalpable powiler. The camphor is then similarly treated. 
The alcohol-ether solvent (usually from 10-31)% of the weight of the pyroxylin 
and camphor combined and depending on whether a solid, semisolid or liquid 
finished preparation is desired) is introduced into an opcn-inoutlicd jar, and tlie 
latter is immersed in liquid air from fifteen to eighteen minutes. The solvent i.s t hen 
ground as described above. All of the ground materials are then intimately mixed 
while still in the solid stale, and set aside in a stoneware vessel to regain nonnal tem¬ 
perature. Although the camphor and pyroxylin only may be frozen, it is recommended 
to proceed as above stated, as there is liability of explosion if the camphor and 
alcohol be warm and the pyroxylin cold. 

2. Tor general articles on uninflammable eellulold, sec Mildelirand, Z. Hiirsten., 
1008, 27, 55)4; (lew. Bl. Wnrt., lSi)7, 40, 373; Am. Apolh. Ztg., 1808, 18, 120; 
Stubling, Celluloid, 1007, 7, 00; Net. Axb., 1888, 14, 753. 
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legislation as the result of disastrous accidents from ignition of the 
picture films, the problem of reducing the inflammability of these 
plastics has recently assumed greater importance. 

Denitration of the pyroxylin to reduce inflammability—so suc¬ 
cessful in artificial filaments and silk industries—has not proven 
satisfactory with plastics on account of the fact that denitrated cel¬ 
lulose nitrate and camphor does not form a readily moldable product, 
and hence is not “ plastic ” in any sense of the word. 

The methods which have been devised fall naturally into two 
groups: (1) those which are applicable to transparent plastics, and 
(2) those in which the reduction in inflammability is due to solid 
matter introduced, and therefore the finished product is always trans¬ 
lucent or opaque. Those of the first grouj), in general, comprise 
salts of the halogens with metals which are soluble in alcohol or ether. 
These include the chlorides, bromides and iodides of mercuric, cupric, 
cadmium, aluminum, ferric, chromic, nickelous, manganous, man¬ 
ganic, cobaltous, zinc, calcium, magnesium,* lithium, ammonium 
and strontium. In W. Parkin’s method, 2 parts of celluloid dissolved 
in 3 parts of acetone is added to a solution of 1 part of a mixture of 
equal parts of aluminum, strontium, and magnesium chlorides, dis¬ 
solved in 2 parts methyl alcohol. The solvents are distilled oil and the 
celluloid obtained in ])owdcr fonn suitable for working up in the usual 
way.** Or ^ celluloid 2.'5 grn. is dissolved in acetone 250 gin., mixed with 
50 gm. magnesium chloride in alcohol 150 gm. until a paste is obtained, 
which, when thoroughly dried, is saitl to be jiractically non-inflammable. 
Ferric chloride'* is said to be specially cllicicnt, is readily soluble in 
both alcohol and ether, but possesses the disadvantage that its solu¬ 
tions are of a yellow color. Stannous chloride in ether,® calcium and 

1. M. Assclot (D.R.P. O.tTtiy, ISflO) adds an alcoholic solution of magnesium 
.-Uoride to the celluloid diasolved in acetone. 

2. '*'.r. 344,Wl, ;t47446, 1!)04; D.K.l’. 171()!)4,1004; ahst. J.S.U.I, 1904, 23, 1111. 

3 E.I’. 0389, 1896; see also P. Marino, U.K.P. 893634, 1908; D.R.P. 206471, 

1908. 

4, A. Mal)ille & (!. Leclerc, P.P. 317884, 1902 To protect from action of 
moisture and air, it is recommended to treat .sheets containing ferric salts with 
oxalic acid, and those containing calcium salts with .sulphuric acid, thus precipitat¬ 
ing superficially ferric oxalate and calcium sulphate, the latter being but slightly 
soluble in water (about 1-400). 

5. According lo Stocker (K.P. KiiiiiO, 1.S87, abst. .LS.C.L, LSSS, 7. 833; Poly. 
Notizbl., 1889, 44, 44) when pyroxylin 100, is mixed with camphor 100, stannous 
chloride 70, alcohol 100, and after standing twelve hours is led through heated 
cylinders at 60° and kneailed until entirely homogeneous, a transparent mass i.s 
obtained which is known as ‘ Stocker's Unburnahlc Collodion’’ and which can lie 
worked up directly. It is claimed that the mass bums only when placed in a 
direct flame and is immediately extinguished on removal, with glowing. For 
various colors, cupric chloride for green, ferric chloride for yellow or brown, 
manganous chloride for pink, coballic chloride for rose, and chromic and nickel 
chlorides for grass green, may be added and at the same time reduce the inflam- 
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aluminum chlorides in alcohol,' zinc chloride,^ cadmium iodide, zinc 
oxalate, sodium tungstate, hexachloronaphthalenc,^ metallic chlorides 
with carbon tetrachloride,^ methyl-, ethyl-, and amyl-silicates (so-called 
silicic ethers)® in alcoholic solution, and phenyl-, cicsyl-, and naphthyl- 
carbonates ® and phasphates ^ are among other compounds which 
have been claimed as efficient. The general method of introducing 
the halide or other alcohol-soluble body, is with the alcohol used to 
assist the conversion of the pyroxylin by the camphor in the regular 
process of plastic manufacture. It must be remembered that a large 
number of these salts are decidedly deliquescent (calciunr and 
magnesium chlorides, cadmium iodide, ferric chloride) and hen(te 
added in cxcass have a tendency to ‘‘ ooze or come to the surface 
of the plastic and proiluce a moist, sticky feel and a dirty appearance. 
All heavy metal chlorides, bromides, or iodides soluble in alcohol, 

inability. To prepare uninflammuiik* Hulivstiluto lor c<‘lliiloid accor(iin;j: to b. Lalibe 
(F.P. 4101173, 1900) 100 |?rn. of pure cotton are treated for ten minutes with a 
mixture of ce. of nitric acid (sp.sr. 1.4r>7), lioOO ee. of suljilniric acid 

I. 84o) and 7i>() ce. of water, the temperature of the mixture beini; kept Ijclow 
(30°. The cotton Is thou thoroughly washed, dried in air and mixed with enoiigii 
glacial wctic acid to form a thick paste. A second paste is jiiepared by treating 
gelatin at 40° with a 10% solution of rnagnesiuTn aeotato, e.vpre,s«ing the excess of 
water and then adding glacial acetic acid to the remaining mass until the mixture 
has the same consi.stoncy as the first paste. Eijual volumes of the two pri'para- 
tions art' mixed at 40° and a supersaturatcil alcoltolic solution of tin firotochloridc 
is added till tlie mixluro has the consisteney of a thick syruf). Aticr settling 
the clear supernatant litjuor is decanted otl and can be used for the preparation 
of either films or moulded arlieles by allowing the solvent to evaporate. 

1. W. Parkin and A. Williams, E.lh 8301, lOt)!; 2S'il2, !!K)3: 22381, 1001; 
26657, 1909; F.P. 347446, 190:); abst. J S.C.l., 1905. 21, 3U; T. Casson associated 
in E.P.28212; »cc also H. Beau, F. P. 322457, 1902. 

2. J. Stevens, U.S.P. 612066, 1898; W. Stevens, JC P 4390. BIOS, with or 
without sodium carlionate; P. Pro.stand E. Michey, F.P. 351555, 1901; First Addi¬ 
tion dated Mar. IS, 1905, ahst. J.S.E.l., 1905. 21, 855; the finished article is treated 
with alkali carl)onato nr silicate to precipitate a superficial layer of metallic carbon¬ 
ate or silicate and thus decrease action of moist uri' 

3. K. McFilroy and ('. Ellis, U.S.l*. 911300, 1909. S('e (h Trocqucuiet. F.P 
362989, 1906, and II. Manissadjian, E.P. 27201. lt)0S; F.P. 39712!). ItiOS; abst. 

J. C.S.I., 190!), 28, 812. 

4. S. Aasadas, E.P. 99S2, 1908; F P. 387537. 1907. ab4. J.S.(M , ItlOS, 27. 

873; adding to 1 k. pyroxylin, cfilophony (25-200 gm.). stannous chloride (200-400 
gm.), ammonium chloride' (5-50 gm.), and carlion tc(rai*!i!iii ide {.'>-50 gm ) “ Metal- 

lodion," formed l)y mixing oxides or salts (lead [leroxidc). carbon and nitrocellu¬ 
lose; and “ inctallodium/’ consi.sting of amido-cellulose (from reduction of nitr(»- 
ccllulose) salts and carbon, are uninflanmiable eoinliinations of H. Aron, E.I’ 
2943, 1882. 

5. L. Pillion, D.R.P. 149701, 1902. These silicates arc .soluble in etUvl alcoliol. 
F. Clement, F.P. 402509, 19(H), recommends tetraethyl monosilicate, diethyl mono¬ 
silicate, hexaethyl disilicate, or ethyl disilicati' for tlie saim* purpose, those being 
obtained by the partial hydrolysis of the nornuil silicic esters, all of whicn are claimed 
as compatible with pyroxylin in solution. In D.R.P. 214398, 1908; F.P. 408406, 
1909; abst. J.S.fJ.I., 1008, 28, 1221, B. Buchstab, dc-scribed the preparation of 
a difficultly combustilile mass by treating a solution of nitrocellulose with air or 
oxygen, and working in strontium chloride, castor oil, and lactic acid. 

6. E. Zuhl, F.S.P. 700SS1, 1902. 

7. E. Zuhl, U.S.P. 700885, 1902. 
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are more so in walc'r, and jilastics contiuninf; them are therefore not 
adapted for exposure to the elemeids on account of water abstracting 
tfie halides and giving to the jdastic an uneven and pitted appearance. 
]n neai'ly evf'iy instance this may l)e remedied by a final dipping 
in a jjyroxylin huaiuer, which foi'ii's a non-jjorous and impervious 
coating, tlic celluloid so treated losing none of its properties of pliability 
or transparency, for lowering the combustibility of transparent 
plastics, calcium and magnesium chlorides, or account of their ready 
solubility in alcohol and low cost, are more often used. In many 
instanc(!s the pi'csenct' of the halogen radical unfits the plastic for 
ceit.ain uses as in ]ihotogra|)hy, on account of the action of the hal¬ 
ogen on till' silver salts. An additional advantage in employing the 
heavy metal chlorides, bromides, and iodides is that in combination 
with (‘thyl alcohol they fonn excellent ])yro\ylin .solvents, and mate¬ 
rially lower the t('m|)eratuie of convi-rsion in conjunction with camphor. 
Juirthennore, it has becui sttUed that with calcium chloride and alco¬ 
hol, a smaller ])roportion of camiihor may be used, tfms reducing the 
amount of the mo.st costh ingredient of ])yroxylin ]ilastics. Another 
method pro])osed to obviati' the action of moisture on plastics con¬ 
taining deliiiuescenl salts, as calcium chloride, is to veneer the plastic 
with thin sheets of celluloid containing no halide, and thus elTcctually 
jirolect it from Ihe influence of the atmosphere and moisture. In 
practice the bromides and iodides are seldom if ever used, the ehlorides 
being eipially (dticimit, less exjiensivi', and then' is no leiideney to 
deeomposilioii and di.seoloj'at ion u]ion exposure to light as with many 
bromides and espi'eially ioiliiles. .U one time esidmium iodide was 
irsed considerably, but its use has, it. is understood, been abandoned. 

If 1 iiarts of a supersaturated solution of magnesium sulphate be 
l4-eat('(l with 2..I ])arts of amyl acetate eonlaining 1 part ramjihor, 
and 1 pait nitrocellulose he added, the latter dissolves, and the solu¬ 
tion f'oat.s on the top of (In' iKpieous layer.' The whole is then thor- 
oughlv inroi'porated together, and the celluloid produced in sheets 
under the action of healed rolls. The celluloid obtained in this way 
is slated to be nninllamniable, and at the same time Iran.sparont. 
.tceording to (1. Wooilward's process,- eelhiloid is rendered unin- 

1. ft. Lagncaii. E. NeLel, ami M. Vigiics, F.P. :l(i0l)12, ItlOo. Nitroniiphthalin 
:ias Ilf recent years aeiuiireil eonsiderable iinpiirtanec owing to tfie fact that its 
urt'sence in nilroirlyeerol nuulers tlie latter praetically non-sensitive to concussion, 
ivliilc even a small adini.xture pievents dynamite from freezing. It also matcri- 
illy increases tlie .solvent action of nitroglycerol on nilroiTllulo.se (W. Krug and J. 
LJlomen, ,I.A.(' S., 1S1I7, 111, o;-!2), II lias hecn sugge-sted as an ingredient in pyroxylin 
rlastics to render them incoiiihuslihle 

2. II.S.P. hlKII.Vi, llKI.'i; E.l'. 11277, ItKW; F.P. UlttM.S, IIKH; D.R.P. 171428, 
1904; Anal. I’. 2:!L)1; alist. ,J.,S.(M., 11104, 23, till; Set. Am., Keh. 17, llMKi. To 
■nch k. celluloid is milled 1..) k. tish glue, 100 gm. gum araliic, 100 gm. gelatin, and 
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flammable by mixing with fish glue, gum arable, gelatin and rape oil. 
By another method’ the celluloid is di.ssolved in acetone, methyl 
alcohol, or other solvent. To this solution are added, in acetic acid 
solution, metallic salts which are insoluble in water and alcohol. 
Twenty-four suitable salts are mentioned, including barium i)hosphate, 
calcium ar.senite, basic lead nitrite, and fen ic phosphate. Theprojior-- 
tions used are H parts of nud.allic salts to 1.") parts of celluloid. Carbon 
tetrachloride, trichloronitromethano and a nitrohydrocarbon are 
then added, and the mixture allowed to stand for twenty-four hours 
in a (dosed ve,ss(!l f-o comi>lete the reaction. A solution of formaldehyde 
is now added and left in contact with the mixture for ten hours. 
At the end of this time the celluloid forms a com])act ma.ss on the 
surface of the licjuid, and is then removed, dric'd, and worked up into 
the desired form. The jdastic of b. Bethisy contains no camphor, 
the i-’yi'oxylin being dissolved in oil of lavender or aspic,’’ the mass 
then being subjected to the action of a mixture of acetic acid, elher, 
acetone, amyl acetate and solution of Unnnn .vlaiiica. .\ fluid ticiit.- 

40 gm. colza nil. The sohilion of fish phui is prepared by allowinii; 200 gm.Jo 
swell for forty-eight hours in 1 1. cold distilled water, juissiiig through a .sieve to 
remove all lumps, 10 gm. salt being fiiiidly adih'd. 

1. 1’. Marino, U.S.l’. cSiWtWl, lOOS; E.P. .'-.Sill, 11107; E.I’. STOHilO, I'.IO:; 
D.R.l’. ’200171, 1007; ahsl. ,I.S('.I., 1007, 20, OSO. 

2. U.S.l’. StMlOS, IIKW; I’M’. SOSOOl, 1000; abst. J.S.C.T., 1000, 2.i, 12:11. 
The pyroxylin after neutralization of the nitrating aciils and still containing 10- 
4.4% whiter, is introduced into “nut-grinding mills” with successive ‘‘falls’’; at 
the first “fall” tlie nilroeellulose is reduced to pulp. Then aliout .4',';, by weight 
of a liipnil hydrocarbon, iireferaldy of cs.seutial oil of aspic or its clii’mical substi¬ 
tute, is added. 

The tctranitrocelhdose having been ground with 10-4.4% of water, the latter 
ia then removed by pressing the mass into thin cakes in a hydraulic jiress. These 
cakes are then cruRlu’d into very tine iiieccs and moistened with a solvi'iit of 
the following composition; Crystallizablc acetic acid, O.S. k.; .sjilpliiiric ether, 
20k.; acetone, 20 k.; .amyl acetati’, 1.4 k.; alcohol, 1.4 k.; .solution of I'mirm Kclnnica 
at 10%, 8.2 k. The above iiroiiortioiis corri’spoiid to the nioi.stciiing of 100 k. 
of crushed cakc.s. For ]>TC]i.’iring the solvent in (piestion, the operation is as 
follows; 0.84 k. of Unonn sdanica arc dissolved in 7.7.4 k. of .sulpliuric ether, 
and the inixlure i.s stirred from time to time during twenty-four hours and then 
filtered. The ether, acetic acid and acetone are mixi’d togetlier, then after having 
stirred this mixture from time to time for a ])i’ri(Hl of twelve hours, the solution 
of Unona sclaniea and sulphuric acid, prepared separately, is added to it. Tin’ll 
the process is as follows: The whole of the .amyl acetate is poured into a vat, 
whereupon the pulverized ]iulp is added to it, left to stanil for aliout six hours, 
and then stirred. The preparation of Unonn .iiinnim, sulphuric ether, aei’tie acid and 
acetone, jireviously pireparcd, is then added and the whole again left to stand for 
aijout six hours. Finally, the alcohol is iiouri’d in, and the whole introduced into 
a stirring device, a paste being obtained which is left to stand for at least twenty- 
four hours in a warm place. 

The paste is then cut up and rolled between two cylinders heated to about (>11°. 
When it has rc.ached a suitable degree of consistency, the cylindi’is .are cooli'd 
ami the following substance poured on the paste: boric acid .40, sulphuric acid 
10, calcic aicoliolate at 101), ammonium sulphocyanide 40 parts (all by weight). 
In D.R.l’. 110012, 1001, Ritthisy dccrea.ses the inflammability by the use of gela¬ 
tin, vaseline, .and zinc chloride in ether. 

3. E.P. 11927, 1898. 
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• nicnt with l)oric uoid in ether is given. P. Germain/ incorporates 
some salt which docs not suj>port combustion, i.c., sodium bicur- 
bonate. 

Pcynissen,- Plancpin/ L TCitsce/ D. Jiachi'ach,-^^ Claus/’ C. Tro- 
qucuct" and others ^ have devised processes to accomplish this same 
])iir]>ose. Ill the usual method of ]>lastic nianufa-cture, the alcohol- 
soluble ingredients arc added with the alcohol used to assist the pyrox¬ 
ylin conversion, and the jrigments, in general, arc incorporated with 
the jryroxyliu before conversion. 

1. I'M’. loot. In order to decrease the porosity due to the water- 

soluble l>iearb()njite, the mass may linaily !)<• dipped in acetoEie, which dissolves 
the plastic superficially, and tlms covers it with a thin ii(m-|)orouH layer. 

2. I'M’. It74:t7."), I'.htb The rieinatesand rieinoleates of lead, alumimim, and 
zinc, all of which are soluble iti Jileohol. 

;b I'M’, dti!()!)(), IIKX;. U) k. nitr(M?ellulose are dissolved in known solvents, 
castor oil, eamphor and alcohol bcin^; add(‘d in anuMuits of O.o-l .2 k., together 
with sulphuric ncul, bb'' He.. O.d I k., calcium and manganous cliloridea each 
0.5 1 k.. mul carbon tctrachlorid(“ 1050. gm. Iiiwbiibh* ealcium siilphnt(> is precii>- 
jtaled, which with the free lUd liberated constitutes th<“ non-coml)Ustible portion. 

-1. I'.S.l*. 000711. loos. “Asbestos flour,” melted sulphur, and ammonium 
Piilj)lial(‘ is milletl willi the nitrocellulose until a hoinogenecais mass is obtained. 
Tlie mass is tinidlv “vulcanized” at 150 2()tl'^. 

5. r.S.I’. bb77:)0, 1001; 74 : 1122 . lOdil; E.P. 22070, 10():t; producing calcium 
sulphate ill the [ilastic mass by interactioM of calcium eliloride and sulpliiiric acid. 

b. K.I’. :{()72. 1SS2: ubsl. J.S.C.I., 1SS2, 1,.201. I'apial weiglits (jf pyroxylin 
W’itli zinc or k'ad oxychloride, tin' salt being finely powdered and anhydrous. 

7. E.I*. Slb7, l!)t)(». I'M’. :tb2!tS0, 100b. (Vllulose of aijualic origin (seaweed 
or lichens) 55 75'y, oiled asbestos 2 and oyster sh<41s 20'4.5G>* The jtroduct 
is kneaded in water and fonnaldcliydc S-14% added. The jtasU* is tiicii dritMl 
and conijirc'-sed. 

S. S. Ibiggson and fl. Pettis, IT.S.P. 2455152, JSSI, recommend aluminum aul- 
p!int(‘ or steatite in line powd<‘r; ( 1 . de nriallcs, hi.P. S.542. DOS, nn*chanicnl com- 
binalion with gelatin, (preferably) clmndrin; t'adorei and Degraiile (E.P. 214S5, 
1S02: abst. .LS.(M , ]S5i:5, 12. 770) add “camphogine,” which is obJaitU'd by 
deC(jniposmg turpentine by JK'l gas, adding zinc, and boiling witii an alkali, when 
complete ineoinbustil)ility, It is claimed, is oliiained; IhOhisyi^s Rose, F.P. :t47:iO:b 
loot, wlitw* ]>rocess is <leseribed ns follows- ('elhilo.se. 0. is art(‘d upon by a mix¬ 
ture of nilric acid of 42'’ 2t, and sulphuric uci<l of bb" He., 5b. This mixture is 
,allowed to react for twenty-five mimiles, is then washed, dried, etc., and Ideachcd 
with a mixture of ealeiutti chloride 100 k., aluminum sul])hate (iO, maguesium 
sid[)!ia1o 2:i, ami water 2000 I. A solution of citric acM (eitrii, aci<l 50and alcohol 
.4 0(K’7 100) 20 anil oil d'aspie 5, is introduceil intoa ground mixture of erx’.stallized 
zine (“‘'loritle 75. This is finally dissolved in: Amyl acetate 2,700, ether 15, 
aleoliol of till'’,', 7500, ery^'lalltzed acetic acid SOO, calcium eliloride dissolved in 
its own weight of alcohol ol ttO'T 20. Jlagenuum lUul T. Zimmerman, (U.S.P. 
b57.'):l5, 15K)0: I>.H 1’. 00577, 1000) dissolve wet nitrocellulose (containing about 
'AY'',, water) in acidone to a seiuifluii] mass. A concentrated arpieoua solution 
of a salt of a metal—as, for instanee aluminum sulphate -is gradually incorporated 
will) the mass liy trituration or kneading, to obtain a homogeneous ami trans¬ 
parent plastic. Xn alkali, as eausiie soiia, is then grailually incorporated with 
Ihc compound until neutralization—which can be reiulily seen by the fact that 
the mass becomes suddenly enmibly and friable, alumimim hydroxide being pre- 
cipitafi'd- lias beeti eornplefed, the product being knr)w’n in this .slate as “liyilro- 
crdlite.” This consists essentially of aluminum hydrate, sodium svilphatc, nitro- 
oelluiose and water. Tlie sodiutn suli)hate is removed by washing, tlte mass dried 
and incorporaliHl with camplior to fonn a commercial, workable pla,stic. One 
point of advantage of this matet ial is tluit tlii^ density ami degree of hardness may 
be varied within Widi* limits, and that tlie drying is fraught wdth no danger. 
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Formation of Plastic Rods and Tubes wiis firet successfully 
iimdo by the patented piocess of 1. and J. Hyatt' in which they 

1. This process (U.S.P. 133220, 1S72) which is i)ractically the commence¬ 
ment of the nnxlern art of eelluloid manufiicture, is thus ilescrihed hy the Hyatts: 
Our invention eonsists, first, iiv the inethod or prix^ess of drying the prepared 
mixture of sohihle cotton and cani|)lior hy first, compressing tfie moi.st pulp into 
thin cakes of about ineh in tliickncss, and arranging lliese cakes in a pile with 
intermediate layers of paper or olher absorfient material, and subjecting the pile 
toi>ressure in a hydraulic or other suitable press, by which the material is uni¬ 
formly relic'ved of its moisture, while t.he compression of the material and exclusion 
of the air |)revent all danger of the ignition of the material, which, from its inflam¬ 
mable nature, is rendered more or less liable when it is exposed to the sun or to 
the heated air of a drying-room; second, in the j)roeess of manufacturing eelluloid 
by the u.se of camphor or other solvent which becomes active under heat and |)res- 
sure, the stibjecting of the mixt.uri! of pyroxylin and solvent to pressurit by means 
of a plunger in a heated cylinder i>rovidetl with a discharge ttoKzle or Jtipe, the 
eyliniler being of sulficient length to cause the conversion of the pyroxylin to take 
place while the material is being gradimlly forced through the cylinder, so that 
liy re])lenishing the cylinder as it becomes partially em|ity a gradual di.seharge 
of the celluloid or converted material i.s en'eeled in the form of a continuous rod, 
bar, or sheet; third, subjecting the ])vro\yliu anil solvent to pressure by means 
of a plunger in a cylinder uneciually beuted in such a manner that the mixed 
mats'fial will Ik‘ first compacted in the colder itortion before the solvent i.s 
melted and the iiroccss of transformation eoinmences, whereby the air is alloweil 
frO more freely escape and i.s more completely expelled, while the conversion of 
the pyro.xylin'is elleeted in another and hotter portion of the cylinder as the JYiass 
is forced thf-ough it; fourth, in the arrangetnenl. of a cold-water jacket around 
the upper portion or receiving end of the healed converting cylinder, so as to ))revenl 
tile melting of the soiveiit and the partial conversion of thi' pyro.xylin before it 
has been properly compressed, as the [ireinature eonviusion of the pyroxylin in 
this end of the cylinder would operate to prevent the free escape of the air during 
tlie compression of the mass; lifth, in the eombination, witli a converting cylinder 
provided with a eold-waU'r jacket around the receiving end. of a steam or hol- 
watcr jacket arranged aixiunii the lower [lorlion or di.seliarge isid, for melting the 
camphor and facilitating the transformation of the pvroxylin befote it is discharged 
from the cylinder; sixth, in the arrangement, with the cold-water jacket of the 
converting cylinder, of the escape piiK- of thi’ hydraulic engine, winch supplies 
water to the water jiutket; seventh, in the arrangement, with the upwardly project¬ 
ing piston rod of the hydraulic engine and the supply and eseajie pipes of two three- 
wav cocks, inli'rmediate lever, and eonneet ing rod ami arm for operating the valves; 
ciglith, in the arrangement, in the di.seharge end of the eonverliug cylinder, of 
a central healing and di.stributing core constructed with radial pins or jiroji'etions, 
whereby the material, Ixdore it eseaiH'S from the cylinder, is forced to pass through 
t.he annular space around the central core and in contact with the healed surface 
of the cylinder, while the .spurs or pins divide and mix the material, aial at. the 
same tiiiie sruve to conduct the heat from the cylinder to the central core: ninth, 
ill the eombination, with the discharge pipe through which the transformed material 
is forced from the eonverting cylinder, of an equalizing warm-water ve.ssel Ihrongh 
which the extended diseharge pijie p.a.s,ses. the water kisqiing the pipe snflieiently 
wann to prevent the inner surface from cooling the material in contact faster 
than the central portion, as the unequal cooling and cousequerit uneijual consisteney 
of the different portions of the material will cause- the eeulral amt softer jiorlioii 
to move faster tiuui the outer and harder jiorliun, and thereby de.stroy the homo¬ 
geneousness of the mass and reiuh-r the surface of the stick or rod, as it is ejeeled 
from th(‘ pipe, rough and broken; tenth, in the combination, with Ihc hydraulic 
engine, converling cylinder, and celluloid-discharge pipe, of a mold and hydraulic 
clamp for holding the mold together while it is being filled with the celluloid. 

The pyro.xylin is first ground in a wet condition and the excess of water 
expresses The camphor and pigments are then thoroughly ineorporateil hy niean.s 
of mixing rollers. The comfiound thus prepared is coiiveiiiently foniied into cakes 
by means of a mold and follower, the holtom of the mold being made separate, 
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cleHcribod a stuffinn; mafliine for the jp-oduotion of rods and tubes. 
Their apparatus, illustrated in Figs. 172, 173, although old in years, 
embodies in its essential ehraeteristies the nieehanieal ideas of the 
stuffing maehines used at the present time for this purpose. The opera¬ 
tion of this niaehine is as follows; The pyroxylin and solvent, with or 
without other ingredients, either before its conversion, in the condi¬ 
tion in which it is taken from the drying-pile, or in pieces or scraps 
of the ])ioviously transformed or partially transformed material, 



Pio, J72. Ti)r TTyjilt Apparatus for Manufacturing Pyroxylin. 

iue puu-ed into ilic convorting; or stuffing cylinder, wixtor let into the 
upper end of tlie engine by depressing tlic lever, as shown in Fig. 172. 
which causes the piston and follower to descend slowly, tlie supply 

and scrying as a means for transferring the formcfl cake to the pile. These cakes 
are preferably made of a size alnait 12 in. square uiul from in. in thicknesa 
as it woulfl be Cjuite ditticult to properly absorb tlic moisture from a cake of much 
gr(*ater tliickness. These cakes are laid up in a pile, with a suitable layer of 
unsized or blotting paper or other suitable alisorlicnt material placed between them. 
J he pile tlius formed is subjected to considerable pressure in a hydraulic press 
which causes the intervening layers of the paper or other material to sufficiently 
atisorb the moisture from the compound. During this process the compound is 
air thus preventing the evaporation of the camphor, and also 
all liability of ignition of the material. The rapidity with which the drying is effected 
resulU in a saving in time and amount of space required. The matenal when dried 
IS ready for conversion into celluloid. See also Powder Presses, Chapter XVIII. 
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pipes being made small for the purpose, so as to allow sufTiricnt time 
for the heating of the contents of the cylinder and the conversion 
or softening before it is forced out. The water jacket keeps the mate¬ 
rial cool until it has been compressed into the lower poition of the 
cylinder and the air allowed to escape. In the lower 'portion of the 
cylinder the heat from the steam jacket melts and renders active 
the solvent of the pyroxylin or rcdi.ssolv(!s and agglomerates the scu'aps 
of the previously converted material, when the contents arc gradually 



Fia. 173.—Hyatt s ivpparatus for Manufacturing pyroxylin. 


forced through the annular space around the core L, among the pins, 
which thoroughly divides ami mixes up the mass and brings every 
portion in contact with the heated surface of the cylinder core, thereby 
insuring complete transformation and a homogeneous compound. 
The celluloid is now forced through the discharge nozzle into the pipe 
mold maintained at suitable temperature by the liquid of the 
equalizing vessel N, from which it may be discharged in the form of 
a bar, sheet, or stick, according to the shape of the bore of the pipe. 
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Insteiid of foniiiiiff Hip cplliiloid into bnra or rods, the material maj' 
be forced from ttie discliari;'e pipe or nozzle with or without the inter- 
))osed equalizin';' warm-water vessel, directly into a mold of the form 
of the article requii'cd to be produced. In such (uiae the water Ls tui'ned 
on the liydi'aulic ])ress at the same time it is on the enfrine, .so t.hat the 
follower will havr' Ix'cn elevatrsl sufficiently to clam]) the ])art.s of the 
mold tojicther by the time the matei'ird beftins to enter. The area 
of the ])i.ston of the ]>i'('ss should be sufficiently large to prevent the 
l)res.suie from the engine forcing the mold apart. The mold being 
filled, the cocks (/■* and /i'' are I'ever'.sed, shutting off the supply of water 
fi’om the force imm)) (I and o])ening the escape from the engine and 
the mold clam)), wher'cby the hydraulic ])ist()n is aire.steil in its move¬ 
ment arid the ])iston anil follower' of the mold clam]) ])ermitteil to 
tlesceiid and lire mold to be witlidi'awm anil another one substituted. 
Water is again led iiito the iri'o.ss, ,so as to clamp the mold together, 
wlreii tlu' eiigiiie is again s1ri,rted and the second mold filleil, a)iil so 
on, until the strifling cylinder is nearly exhausted, when t.lie engine 
is revci'seil, the cmivei't ing cylinder refilled, and the ])rocess re])cated. 

Ily means of thi.-i method celluloid was first made in commercial 
i|uantilics in the form of roils and tubes.' 

In the ])rocc.ss of M'. ('ar])enter - the dies or molds are formed with 
hollow backs for the circulation of the heating and I'ooling fluids, 
conical holes are forced in the molds for venting, and a pressure, gauge 
is connect'd with the inti'rior of the molded article. The invention 
is u]i])licable to the molding of dolls’ heads, vases, and articles of irreg¬ 
ular slia]ie, and is shown in Figs. 17t, 17.">, as ai)])licd to the mold¬ 
ing of ladies’ jiowder boxes, three of which are shown connected as 
molded, 'i’hey arc ])]'ovided with bottoms afteward by a separate 
treatment. 

’i’hc ]irocess of making a hollow article with this nicchanism i.s as 
follows The dies are se])ai'ated ami the cock li' o])ened to admit 
hot fluid, ■which iirciilat.es behind the backs of both dies and passes 
out at the waste jiipe ic. The tube h, from which the object is to be 
molded, is used of cylindrical, tapering, or any desired .shape that can 
be produced without the aid of a])])ara1us, and is adapted to nearly 
fit the iqieiiiires I i' at. the to]) and bottom of the dies. The elastic 
stopper is inserted in the bottom of the tube and the mandrel / placed 
upon it, with its ui)per end extending nearly to the top of the tube, 

1. Sec “Maniilacture of Jlollmv Cclluteiil." Cell. tnd.. ItllJS, S. 71. For “Manu¬ 
facture of Cnilireila anil Ollier Tli.ii'llcs frein Cclliiloiii.’' sec Z. Itrechsler, P.)02, 
25. :t:i0. 

2. U.S.P. 2H7]liS, IS,St; for proewss and apparatus for mounting pyroxylin 
upon a mandrel, see J. Kdson, U.S.P. ?5t)t>ll), IS,SO. 
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which is tlien put in its plucp in thu press and the dies closed upon it. 
The plug G is then forced into the upi)or end of the tube by its screw 
I), and the force eiui)loyed is not sufficient to make a water-tight joint 
at the jioint of contact, sy that the fluid inti'oduccd through the pij)e 



(7 is at liberty to esea[)e, and make room for a fresh supply. Tlie sha])e 
of tlie sloi)i)er c also permits tlie circulation of the steam oi' hot water 
introduced tfii'ough the whole length of the lube by allowijig a leakage 
at the bottom joint. This leakage at top and bottom of the tube is 



caught in tanks T, ajijdied to the sides of the bed B, and shown in 
the drawings as ca.st in one piece therewith, a pipe, P, conducting the 
liipiid to a .sew’er, as desired. The tube is thus h(^ate<l and softened 
simultaiK^Hisly with the heating of the dies, and the ])lug G is then 
forced down farther into the tube to <'lo,se the same tightly at. the 
top by its conical shape, and at the l)ottom by the expansion of the 
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el;isti(' Ktopper c. uiulrr the pressure exerted upon the top of the man¬ 
drel /. To secure the rifrht adjustment of this mandi-el it is con¬ 
structed with a threaded socket, z, near tlie bottom and insert therein a 
screw,!/ (see Fif;. 175), jirovided with a jam-nut /'. lly inserting a 
rod in the holes q, fonuod in the screw and socket z, the length of 
the mandrel can bo altered to suit a great variety of dies and adjusted 




I'ki. 17ti.—The Eilson Nuzzle lor Making Cellulniil Jtuds and Tubes. 

Ill suit the wear of llic stoiiper c, which is prel'crably made of india- 
I'uiibor. 

The pipe// is preferably coiiueclcd with a steam boiler, as the primary 
heat and uitiiualo jiiessure rciiuireil are thus secured without the use 
of a force ]nuu]), and the boiler jiressure is thus exertud in the tube 
li, when its ends become water-tight. 

When the gauge //'indicates that.the pi'essure reaches the rnaximtim 
desired, the cock d is cloised .and the circtdatioii in the backs of the 
dies changed from hot to <’old, to harden the nuilded iirt.icle while 
under ten.sion. 

In the J. I'ldsoni jtrocess for making celluloid rods and tubes, 
Ihe invention consists in forming a itectiliar kind of chamber or recess 
1. U.S.P. 277(i()l, 1SS3. 
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in the body of the nozzle for receiving the materiul from the press 
and so distributing it that equal quantities and equal densities vrill 
be given to the rod or tube, as shown in Fig. 170.* 

The A. Olszewski machine** shown in Fig. 177, and having 
for its object the rapid conversion or reconversion of celluloid 
and at the same time forming the material into rods, bare, and tubes, 




Fi<;. 177.—The Olazewski Machine for Ihc Rapid Conversion of (’elluloid. 

1. The nozzle proper is al D, of the cylindrical form, and bored jo suit the 
size of the rod or tube to 1)0 made, and it is held in position by a flange at E, on 
its inner end, which fits into a recess in a sleeve, E, which is inserted in liie l)ody 
A, and is held by an external flanpc 6', firmly fastened to the body A by screw- 
bolts H. The inner end of this sleeve E, and also the inner end of the nozzle tube 
are beveled, as shown, to fonn a larger space opposite the tulie C, wIktc the materia! 
is forced toward the nozzle, or between the jjlnji K and the end of the nozzle cyl¬ 
inder. The inner end of the j)lu^? K may also be chamfered, as shown at />, so tliat 
the material, as it i.s forced in fn)ra the pre.ss, w'ill easily move around the end of 
the plug, and thus fill the ca-vity or chamber M, and whj''h will serve a.s a re.servoir 
to fill the nozzle when a rod is to be formed, or to efpially .surround the core at N 
when a tube is made. The size of this chamber may be varied by adjusting the 
plug K, which is made wuth a screw at 0 to fasten it into the body A. 

2. U.S.P. 280059, 1882. 
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admits of very rapid and economical work. In the operation of the 
invention the cylinder E is first allowed to lower upon the piston 
D, which carries the material cylinder I from below the lower end of 
the plunger J to the position indicated in Fig. 177. The material is 
introduced into the upper end of the material cylinder I, the steam 
or other heating agent having been admitted to the chamber K and 
the water to the pipe G, whereby the cylinder E is caused to ascend 
and carry the material cylinder upward to the position indicated 
in which position the plunger J (which has become heated by 
the passage of steam or other heating agent through it) will have entered 
the cylinder I, and will bear against the material, and by reason of 
the pressure against it, the heat in the cylinder and plunger, and its 
movement through the passages P, the same will become plastic and 
be converted or transformed into a solid homogeneous mass and dis- 



I'Tc. 17S. —The Olszewski .Apparatus for Producing Plastic Rods or Tuljcs. 


charged from the nozzles S. After a large proportion of the material 
has been forced from the machine through the passages P the cylinder 
E is allowed to lower again, an additional charge of material placed 
in the cylinder 1 and the operation repeated. 

Wiere a number of rods or tubes are to be foimcd simultaneously 
from one supply chambei, the celluloid may be comprcssoil by means 
of a hydraulic ram as illustiated in Figs. 17.S-1S0, the device shown 
being capable of ])roducing six tubes at one time.* The supply pipe D 
having been connectcil with the supply chamljer, the material is forced 
into ttte pipe by a hydraidic ram, the effect being that the material 
will flow into and fill every jiart of the chamber C, and finds its way 
through all of the nozzles F siniultttneously, forming around the rods 
G and iasuing in the form of tubes. 

]n the manufacture of rods anrl tubes according to the more recent 
G. Oillmore’s process^ the mechanism can be so iiiranged as to 
1. Process of A. Olszewski, U.S.P. 27S667, 1883. 2. U.S.P. 655706, 1900. 
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produce mottled effects in bars and hollow articles in imitation of 
tortiose shell, mottled amber, marble, and mosaic. This is possible 
from the fact that the passage of the material consisting of two oi more 
different colors through the machine tends to produce a streaked or 



t'lo. I7'.l.—The Oltaewski Apparatus for Producing Plastic Rods or Tolies.* 

Stratified effect due to the friction encountered. Ilefore tliis time it 
had lieeii necessary in making rods to first preiraro the mottled material 
in sheet form, then cut it into strips and subseipiently round off the 
corners, thus entailing considerable waste of time timl jiroducing 
crude material which had to be ivgain reworked. Gillmore’s jirocess, 



Fig. 180.--The Olszewski Apparatus for Proilucing Plastic Rods or Tubes. 

shown in Figs. 1S1-I.S3, apparently obviates the.se disadvantages to the 
manufacture of mottled material in a stuffer. It consists in provid¬ 
ing the stuffer near the nozzle with a cutter which cuts off the material 
in a direction transver,se to llie line of flow, and tliiis brealos it up to 
producea mottled effect instead of a striped or stiatified appearance. 
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The operation is iis follows: The stufler beinR urriinged to operate 
in the usual manner the material, consisting of two or more differently 



Ei(,. isl.- -Tliu Clillmi)rc Stuflins Machine for Mannfacturiiif; Pyroxylin Rods and 

Til lies. 

(‘oinpoiK'nlH, is intrcMlucoil into tin* rciir of tlio 1). The 

“charge” may he composed of two diri'erently colored sheets rolled 



Fin. 1S2.—Stuffing Machine* for Manufacturing Pyro.xylin Kods aiul Tu)>cs, 
arcortiing (u (iillinorc. 

upon oju’h othoi into the form of a curtnilj^e, or the sheets nuiy ho 
fastened tog;etl)or and then cut into small l)l<>(d\s of i(*gular or irregular 
shape; or, preferatdy, eacli sheet is cut into small pieces and the dif- 
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ferently colored pieces then interniincled thorouf^hly and introduced 
into the barrel in a (juantity sufficient to form a cliarge. The plun¬ 
ger P then advances, ju'twsing the charge before it through the narrow¬ 
ing barrel D until it eucountei's the rotating disk A', at which time it 
is in a plastic condition. It then enters the boros in tljc disk E, where¬ 
upon it is cut at intervals by the paitial rotation of this disk. This 
cuts and breaks up the mateiial, .so as t<.) ])rodu<'e tlu' desircil mottled 
effect and prevent streaks and striations. The niaterial thenc') 



Eiu. 1S3.—Tile (iillmure .StuHiug Machine fur JIanufacturiiiK Tyroxylin Jtoils and 

Tubes. 

passes from the bores in the rotating disk A’ into those in the nozzle 
N and emerges in the form of mottled rods or tubes. 

A great many materials, such as wood or other fibrous substances 
not capable of sustaining the pressure of dies and rolls, or tubes 
or other analogous structures, are liable to collaiise under pressure. 
J. Hyatt' has ]>erfccted a method, as shown in Pig. LSI, which enables 
wood and other fibrous materials, to be cu\crcd with celluloid. It 
is also intended to cover cores comiiosed of mateiial that is liable to 


I. U.S.r. 204228, 1878. 
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warp or swell in the course of seasoning, it being particularly applicable 
to the covering of wood cores, such as the handles of whip-stocks, 
parasols, umbrellas, and other structures of an analogous outline, 
although it may be successfully aj)])lied to coi’es the diameters of which 
are at all approximate. 

Tlu' operation of tlu' invent ion is as foliov\'s: The material is expelled 
over a mandrel placed at the nozz](‘ of a stufling machine, so that the 
coniptjsition exudes in a tubular foi'ui. The core is coated with a 
suitable lubricant, to prevent fi'iction between the, material and the 
core, xvhich is firndy held, so that it shall enter the tube as it exudes 
over the mandrel while the stufling machine exjiels it, the progrc.ss 
of the tube over the core being assisted by the hands. After the 
tube has covered the core a suitable 
distance, it is cut off, and the [Tl M 

material allowed to dry upon the I | 

core, in which process it shriidcs with I ^ 

giealAelision, and remains immovable. | ip 

If the core be of an irregular — ^ 

diameter—i.e., larger at ceitain jioints I 

than others—the jilastic composition | ^ 

can readily be stn'iched over the j p 

larger jiai’ts, and wlnm it. diics will | I W. 

confonn itself accurately to the con- 

lour of the core. Of course, the fl, ^ ^ 
diameter of the tube must be some- ll ^ ^ 

what, though very slightly huger, than W IJf ^ 
the diauictei' of the core. 

11 desired, the material can be |„id Anicks, according to Hyatt, 
forced from the stnlling machine 

through a nozzle, which forms a tube in il, leaving the balance of the 
matc'ia,! in an}' desired shajie. 'riius, a piece of composition which 
in llip aggregate would make, for instance, a number of unfinished 
eyeglass frames, sui)erpo.sed one above the other, can readily be forced 
from the machine, the coio being receivi'd into the tubular jxirtion 
of this structure, which, when it dries upon the core, can be severed 
into sections of .suitable thickness to form the frame of the eyeglass, 
or, the core being fonned and the composition expelled and allowed 
to (by on the core, .sections of it can be removed and united so a.s to 
constitute hides for chains. Of course, the sections of the core which 
are removed when the material is severed arc taken out. In this 
manner a great variety of hollow frames, such as rings, buckle frainwi, 
spectacle frames, and variou.s other structures, can be formed in the 
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ajjgrggate, and completed by removing a section of the core and mate¬ 
rial. The' latter being suitably conformed, strnctni'es having two 
nOr.pun'e apertures in tlnnii can be; formed and fed to an ai>])ropriate 
number of cores filling such ajiertures. The invention is not limited 
to surfaces that are circular, but may be aiijilied to any core having a 
continuous unbroken outline. 

In the above ojieration no ])rcssure is exerted upon the core except 
such as is brought to bear by the material in shrinking, and hence 
coitis of comiiarativcly soft niateiial can be I'eadily coated, and as the 
material binds the core very closely, the ju'obability of its exjianding 
is gi'eatly reduced. 

When celluloid is used in the above jirocess it should be jrrepared 
with a larger amount of solvent than is usually emjiloyed, t.o the end 
that a greater shrinkage may be obtained. Jty withilrawing the core 
before the composition has fully dried, a tubular structure remains, 
which can be severed into .sr'ctions to form tubes, jiencil cases, and 
other similar formations. 

Manufacture of Hollow Articles from Pyroxylin Piastres. 

The jirocesses comprised under this heading are naturally subdivided 
into (d) those jiroduced from tubes, and {li) those formed fi'oni sheets. 
In the former, the iirocess of .1, Ward* ccinsisls in manufacturing 
ornamental hollow articles, such as jewt'I boxes, by stretching a lube 
of the material uiion a cylindrical mandrel or suppoil, turning llu! 
tube in a lathe to ('(pialixc itis thickiuiss and I’emove imperfecticjiis, 
severing the tube by an aniinlar incision to s('[)arate it into two sepai'ate 
sections, removing these sections and tilting them together, and then 
drawing the sections over and shrinking them u])on a shairing mandi'cl 
or core having an e.xternal configuration conforming to the outline 
oi' shape of the article it is desired to produce. 

In carrying this invention into practice (Figs. bSo, ISO) a tube 1 is 
Jiroduced from celluloid or other pyroxylin com[iound by a slulling 
machine, and this tube in a heated coiulition is drawn or forci'd upon 
a cylindrical mandrel 2, of greater diameter than the original tulie, 
which latter shrinks and hardens on cooling and closely hugs tin' man¬ 
drel. The surface may be traced or cut with any desired ornament— 
such as represented in Fig. ISO, which shows a tube on the mandn-l 2 
after being turned and ornamented. The truly turned t.ubular structure 
is drawn or jilaced over a shaping core 4, having an external configura¬ 
tion confonning to the shape of the hollow object it is desireil to jiro- 

1. II.H.I*. 439451, 1890. For niakinj' liollow fonns from pljisfifi imitorial.'^ nre 
Smith and (Jrasscr, IT.y.P. 178479, 1870; V. Jonos and J, Jarvis, U.S.P. 308501, 
1887. 
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(luce. This is vciiciitcd until it shrinks sufhciently to oonfonn'tQ 
the sha])e of the inaiulrol. The tubuliir structure on cooling hardens 
and retains the cxaid external foi-m of the sha|'ing core. It inaj' liow 
he removed and used as a hox-hody—as, for in.stance, a novelty in 
pyroxylin goods—it only lieing necessary to apjily a bottom piece 
and a lid or cover to ])ro(luc(' a box ; iiy a further procedure, the shaped 
tvdie itself constitub's the boily jiortiou and also the lid or cover. 
‘J’o accomplish this the stretched tubular structure, li, on stretch- 



Fi(i. tS.L Fig, 186. 

Maiuifactuiins Hollow Pyroxylin Articles (Ward's Process). 


ing-mandrcl 2 may be sawed by an annular incision on the line G, 
to divide tlie stretched tube into two seiiarate sections, which 
aie coextensive, or ajiproximately so, in size. These sections are .sub- 
seipienlly turned to provide one with an internal annular shoulder 
or lip 7 and the other witli an external a,nnular shoulder or lip S, whereby 
one section can slij) into the other and constitute the separable box- 
body 9 and box-lid K), as shown in F. The box-body 9 and box- 
lid 10 are then ))ut together by means of the lip 7 and external annular 
shoulder S, and while they are together are drawn or forced' over 
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the eelluloid tul)c luul ciuise it to adhere seciu’ely against the inner 
snpcrficieH of the ))i])e. After thin step, the ])ii)e is cooled by water, 
thereby “ setting ” tlie celluloid and coinpletin{f the operation. 

In lining a pijjc of fragile inatcu-ial—auch as glass—it will be neces¬ 
sary, in some instances, to a])ply a ]n'essur(! upon the outside of the 
]iil)e to be lined of eipial force with the internal jiressure, thus prevent¬ 
ing the latter jire.ssure from fracturing llie iiijie. Tn C is .shown 
a ini'iins for acconqilishing this result. A deiiot.es the tube, of glass, 
for example, 11, the celluloid tub(‘; f, the suiqily 1107 ./,le; I), the out¬ 
let noz7le, xvhich has a cock or valve and a gauge, such as those above 
desci'ibed. The no77le C is also connected with a supply for steam 
or hot or cold water. The no77les (' 1) have the usual conlract.eil mouths 
entering the tube B, and, in addition, are supplied with the groove 
N, in which is ]ilaced the end of the inclosing ])ipe T, 

FormiPK Celluloid Open-Seam Covcring.s, adapted to the cover¬ 
ing and (‘mb('llishment of material similar to the various parts of bicycle 
frames—such as the main tubing, bi'aces, spokes and forks—is cai- 
ried out according to the proci'ss of J. Ifobin.son* and shown in hig. 
bSS. A number of jiieces of iirojier size and desired .shajio I .0 tit. the 
various niandrels are first cut from .sheets of celluloid, allowance 
being made in each ca.se for a slight, overlajiping of the edges. A 
sujiply of blanks having been jirovided, the jietcocks h and valves 
(/ are opened until the air is relea.se(l and the mandrels e, <1, c, and / 
become heated. When the latter are sufficiently liol to enable the 
sheet of celluloid to be molded, the operator, wearing aslrestos-covered 
gloves, places a blank sheet ujion the mandrel and carefully wraps 
it around and presses it into shape, rubbing and jiressing it until it 
assumes the exact form of the mandrel. In B is shown a blank 
j u])on the mandrel c, as partially funned in tubular shape, with the 
edge ovcrlappirrg, as indicated in dotted lines. The haiid-pressui'e 
exerted will be sulficient to give the blank the exact corrtour, but it 
is not sulficient to irriite the longitudinal edges, as wouhl be the case 
if the mandrxi and blank were pilaced irr a mold and jiressure ajrjilirsl. 
The result is that an ojieri-scanr tube will bo fonried which may be 
opened arul sjirurrg over tire bar to be covered. 

In forming the covering for the foric the blank is fir'st placed upon 
the str'aight mandrel d and shajred, when it is removed and in turn 
apjrlied to and carefully fitted ujion the curved mandrel c. As soon 
as the sheet is aceui'ately formed the steam is shut oil, when in a few 
seconds the ternper'ature is sufficierrtly lowered to enable the molded 
product to retain its slrajre without danger of distortioir, wlien it may 
1. U.S.P. 00741,I, LSitS, 
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be readily removed, 'Phe steam is then turned on and the operation 
repeated wildi aiiotlrer set of l)lankets. 

In I), K are lepresentod the finished products. In C, j indi¬ 
cates a tube of celhdoid or other like material adapted for covering 
the main portion of the fraBuc, while h and /, respectively, D and E, 
represent like covering adapted to bo applied to the forks and braces. 

It is claimed that when the hollow mandrels are lieal.ed from within 
to about 00° the shells or coveis may be formed rapidly and molded 
with uniform accuracy and smoothness into a merchantable prod' 




Fig. ISH,—‘ForniinK ('olhiloid Open Soam CoYtrings. 


net adapted to be applied as a covering foi the protection and embollLsh- 
ment of bicycle fiaines. More or less judgment, horvever, is required 
on the pall of tlie operator in molding the curved portions of the tubes, 
inasmuch as it is neces.saiy to shaiie them when the mandrel is hottest. 

Formation of Celluloid Martingale and Similar Rings, accord¬ 
ing to the invention of 1). Lockwood,' is a di.stinct improvement upon 
the former nietluxl of jmiducing rings by turning, which involved 
considerable loss of material The distinctive novelty of Lockwood’s 
invention consists—as shown in Fig. ISO —is first ])roparing a rod 
1, U.S,P.,2r>i2ffl), issi. 
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of appropriate diameter which is cut into sections that correspond 
in length with the ring which it is desired to produce. The piece or 
section, having been made leady, is bent to form a ring, as shown in 
2, the ends being brought in contact with each other. The ring 
is then introduced into an ap])ropriato mold or die and subjected to 
heat and pressure, which will cause the ends to be welded, forming 
a complete and unbioken I'ing. Best results are obtained when the 
piece is in a ])lastic condition, but a less satisfactory result may be 
attained when the material has become rigid. Under all circumstances, 
when the ring is taken from the mold or die its tendency to warp or 
twist is so great that it i.s essential that means be provided to prevent 
it from doing so. This tendency is corrected by the use of mechanism 


1 



Fio. LSO.—I’urming Solwl Uclluloiil Rings, according to Lockwood. 


shown in 2 and 1, the important elements of which arc tin? circular 
hubs I), co’’responding as nearly as may be practicable with the interior 
periphery of the ring after it has b(*n taken from the mold. As 
soon as it has been subjected to the action of the mold the ring will be 
passed over the hub D, and permitted to remain thci’c until dried. 
By employing the hub the ring is prevented fi'om warping or shrink¬ 
ing to any material extent in any direction, except toward its center, 
against the hub, and this produces no objectionable effect. 

If preferred, the ro<l may be maile to form a helical coil upon an 
aibor, as shown in 5, and the j)ieces or sections formed by cutting 
the coil in a given plane, as indicated by dotted lines; but the manner 
in which the sections aie fonned is a matter of judgment, which may 
be varied ac^cording to circumstances. The same is true of the form 
of the hub, except that it is essential that the core or part which 
resists the shrinkage toward the center be of appropriate size and .shape 
and the ring held so that it will not warp or twist in a relatively vertical 
direction. 
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Difficulty was experienced in satisfactorily cementing the two 
idges of the ring, to overcome which a dowel pin may be introduced, 

1 8 



Eio. 100.—I'omiinK Solid Celluloid llinRs, aeeordinK to T.ockwood. 

,n(l the ends of each piece connected as shown in 2 of Fig. 190, the 
ing l>eing finished by subjecting to i)ressure in an appropriate mold.' 

In Kniil Kipj)er's method - shown in Fig. 191, the plastic compound, 
laving been jn'oduced in rod fonn, is wound about a mandrel or stick. 


B 



Fin. 101.—The Kipper Process for Making Solid Pyroxylin Rings. 


, in A, until ready for use. It is then taken off and ])laced upon 
he composite spindle mandrel 9 and 4 and encircling spirally the rings, 

1. Process of D. Lnekworei, U.S.P. 2.'’)1258, 1881. 

2. U.S.P. 200802, l.S,S4. 
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and not coinciding with their grooved edges, since the latter r,re parallel 
to each other and not spiral or in the form of a screw. The spindle 
3 is now placed between the two .sections of the di(', as in B, and, 
after the application of suitable heat, jjressiirc is a])plied, forcing the 
two sections together and causing the material forming the spiral 
rod to rearrange itself u])on the rings and fill the recesses, 7'es\dting, 
by their union with the reces.ses of the upper and lower sections of the 
die, in the change of the plastic nial.ei'ial from the sjural form into 

that of iv .series of concentric rings, 
as in ('. Having thus formed the 
rings and caused the surplus material 
to pass off in the form of overflow, 
the die is cooled and oiiencd, and 
by removing the Jiuts 0 the spindle 
3 is teadily withdrawn and the seiics 
of forming I'ings 4 and the formed 
jilastic rings are removed, ready for 
finishing. The formiiig rings 4 are 
now again rejdaced on their spindh' 3 
and encircled with another spiral of 
])lastic composition, anil then ]ilaced 
in the up()er and lower sections of 
the die, which is lieated and closed 
by [U'essure, thereby pj'oducing a.n- 
other set of concentric rings, which 
are taken off, and the opciation I'c- 





o 

Eld. Itl2. —('dating Articles with Cel- 
luldid, accordini; (o Ilyatl. 


lieated. 

Coating Article.s with Celluloid. 

In the coating of small arliclcs the 
jiroccss first jiatentcd by ,1. Hyatt' 


with unessential niodilications, is typi¬ 


cal of the methods in n.se to-day.'* As shown in I’ig. 1112, 1 and 


2 are opposite faces of a mold, in this instance de.signed for coating 


1. U.S.P. 202411, 1.S7S. 

2. Prior to this iiiv(‘iitiori, tlie usual process was to form two sections of the 
plastic composition between wliich the core to be coated was placed, the compo¬ 
sition lieiiif; then closed upon the core, and the \vhol<‘ subjected to sreat pressure; 
or one section of coniposition placed in a suitably formed die, the core f)eini; depo.s- 
ited on this section, a second section l)einfi laul over the core, an<l tlic whole then 
subjected to pressure. 

The product of these processes has, however, ])roven unsatisfactory, as there 
was a seam about the core wlu're the nlastic composition was not homogeneously 
united, and hence, when thoroughly dried, the covering was apt to crack off or 
open on the line of the scam. As a means of curing this tendency it was sought 
to unite the edges of the sections by the use of adhesive matter, but this proved 
a failure in many instances. 
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harness I)ucklcs, 3 ami 1 being like views of the finishing die A'. T is 
a plan view of the cores coveied with p.lastio but still connected, and 
just as they leavi; the die, (i being a plan view of the covered core as 
it ap])ears when r(unov<Ml from the die.' The modus operand^ is to 
attach the die to a stuffing machine at the ])OHit mA by securing 
in a hydraulic clanip.^ The coni])osition in a plastic state is forced 
from the stuffing box into the die l)y means of a lever which communi¬ 
cates movement by hydrauli(! luessurt! to the piston of the stuffing 
box and also operates the clamp. The comixisition in a state softened 



Springs with 


by heat is thus forced into the forming cavity and, after cooling, the 
individual bmffiles cut out.'' 

In the coating of mon; elaborate or intricate bodic.s, such as .springs 
or curved bars, the aiiparatus shown in Figs. I'l.'i, 194 may be used, 

1. For ilcscriiition (if (Unices employed for the purpose of .'imalKamating 
; lie pla.-lic,niiil forcing it iiitutiie stiilliiiK boxes see C S P. 1:1:52211, 1,S72, .Lit 1. Hyatt. 

2 Till' (lie (T is proiided at ((U(‘ (aid with coincident concavities, which, 
wliee united, foiin the aperture e’, to receive tlie end of the duet m’, through which 
the coniposit ion in a plastic .state is liroiiglil under pressure from the stuffing liox. 

:i. 'i'o (‘liable tlie oomtiosition to jiass around iiiion all sidi's of the core, studs 
P are set ill the cavity, which sustain the core aliove the surface, while pins A’ are. 
'provided adjacent to the lioss .U. at tlie center of the cavity, to |irevent the lateral 
niovement of tlie core, which is thus susfiended in the cavity, with a circumjacent 
space for the reception of the coiiipo.siliiiii. Tlic-sc studs and pins m.a,v readily 
be iiiodilied in many ways to adapt tlieir fiiiioliotis to coivs of otlicr forms than 
here presented. Tims the studs P may lie made concave, and the core held tietwcen 
such studs provided in the upper and lower parts of the die, and thus the pins Id 
dispensed with; or the pins Ir may lie provided with a step or e.xtensiou to sustain 
the core, and thus the studs/' dispensed with. 

In the ]ireseiit instance one part of the core i.s supported by the elevation 
but tills is simply to cut off Hie composition at this iioint, leaving the core clear, 
so that the tongue of a liupkle can Ih‘ placed directly uiion it. 

In the c,.asc of a ring, or oilier analogous structures, only the studs and pins 
would be required to sustain the core. 
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which consists of a plug formed in sections in which are provided the 
parts of certain cavities and apertures, so coincidentally arranged that 
when the sections are united the device forms practically a solid plug.* 
By this mechanism, coiled or straight springs, as well as bars or 
strips of wood or metal, may be smoothly coated.''* 
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Fig. 194.—^The Hyatt and Burrough.s .\p))artitus for Coating Bars or Springs with 

Celluluitl. 


1. J. Hyatt and C. Burroughs, U.S.P. 204220,1S7S. This construction i.ss<*cun‘(I 
in a 8uitai)'ly shapctl ajicrturc in the nozzle of a stuffing machine, wliieh is furnishcii 
with channels that connect with cliannels in the plug, so that when the stufling 
machine is operated the composition is forced into the cavities in the plug, througli 
which the bar is passed, being coated as it moves through the composition. 

2. The gates N arc opposite each other, as also are the cavities P and tlie inl(‘t 
H and the outlet M. 

Opposite each other on the sides of the nozzle A, and appropriately placcfl, 
are the inlet R and the outlet T, forming continvmtinns of tlie iidot II iuhI the out¬ 
let iif, and having their lower sides curved, if desired, to permit the admission and 
exit of a curved bar. 

The nozzle is provided with a suitable means of keeping it heated, a steam- 
pipe, being used in the present instance—this to proeerve the material in a 
plastic condition. 

By the above mechanism, coiled or straight springs, as well as bars or strips 
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The following described method, devised by J. Hyatt,’ is intended 
primarily for coating picture and clock moldings, and shows excel¬ 
lently how i)yroxylin sheets may be made to co()y most uneven surfaces, 
rig. 195a is a central vertical transverse sc(^tion, showing the 
molding with a strip of celluloid attached and inserted in a rubber 
tube preparatory to receiving pressure. Fig. 19.")it is a central verti- 
c.al logitudinal section, showing the molding inserted within a rubber 
tube having the nozzle block in its end, the whole being inclosed in a 
circular metallic casing having an inlet and 
outlet, whereby external pressure may be applied 
to the rubbtu' tubing. 

A denotes thh molding before th(^ coating 
has been apjilied, which may be of any usual 
shape. The su])orficies of the molding is (a)ated 
with an airpropriatc cement or adhesive materi¬ 
al, and the strip a, of celluloid, temporarily 
attached to .s)>an the face of the molding, the 
width of the strip being 0 (iual to the superficies 
of the molding desired to be covered, and its 
interior surface liy j)referon(^o being also coated 
with an appropriate adhesive! nraterial. 

The strij) may be attached by bending the 
edg(!s so that they will grip the molding, as 
shown in Fig. 195 a. 

The molding and strip of celluloid having 
been adjusted in this way, a rubber tube, B, is 
jniHsed over them, so as to inclose the entire 
l(!ngth of the molding, and, if desired, a block, 

(/, may he inserted to hold the parts together. 

At oiU! end of the I'ubbcr tubing a nozzle, F, 
is jwovided, adapted to be inserted in a vacuum 
]nimp, aS shown in B. 

The parts having been arranged as stated, the nozzle of the tub¬ 
ing is inserted in the pump, upon the actuation of which the tidring 
will necessarily be drawn with great force toward the molding, thus 
causing the celluloid to adapt itself to the foim of the molding, in which 
position it is held by the cement or othc" alulesivc material. 



Fkj. 195. — Hyatt’s 
Method of (toating 
Picture Moldings. 


of wood or metui, or any sufficiently dense material, may be smoothly 
coated. 

If a fin is desired upon the edge of the article, it is only nece,s.sary to deepen 
the cavitie.s P and widen the outlets to correspond with the increased width of 
the coating. 

1. U.S.P. 232037, LSHO. 
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• The operation of the pump having been continued for a suitable 
le^tb^of time, the nozzle is removed from the pump and the mold- 
■ing^taken out, when it will be found to be in a finisluid (ujndilion, sub- 
staptially ready for tlie market. 

, If desired, exterior piessui'o may be ajiplied to the rubber tube 
in order to more finidy compress the veneer or coating to the mohling 
or other' arti<'le, the vacuum puni]) being employed oj' not, as may be 
preferred. 

H indicates a metallic casing, in which, if desired, the ruirber tube 
B, containing the molding, may be inserted, as shown in the drawings, 




Fl(i. !!*()•—The llyall Press for Coaling .trticlcs willi Celluloid. 

and external ]>re.ssui'c airplied. Tlnr lower end of the lube II is, in the 
jiresent instance, clo.sed in an air-tight manner by a clamp I. Carved 
objects, busts, medallions, and other objeu'ts of delicate and intricate 
configuration may be coated in this mantiei'. 

Where a number of art.iclcs are (krsired to lx; coated simultaneously 
whether they are of irregular or uniform outline, the method of J. 
Hyatt,* shown in Figs. 190, 1117, IDS, is suitable, and used at the 
])resent time, the articles to be coaled being phic(^d between sheets of 
1. U.S.1'. 2S07t.'i, ISSU. 
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plaslin, -these being encompassed by diaphragms or sheets of flexible' 
material, and pressure being applied oii the upper and lower sid'e^rf 
the diai)hr:igins as shown.' In the operation of this invention the platen* 
A is drawn to the upper poition of the rods /). A sheet of plaslii- 
material, d, is jdacod upon the diaphragm of the frame T (the frames' 
with their diaphragms t)eing at this time removed from the press*).' 
The ai'ticles to bo coated, whe.tlier they be knife handles, umbrella 
liandles, or other devices, are laid upon the .sheet of celluloid d, being 
lemoved from each otlier a s\iital>le distance, according to their thick¬ 
ness and outline. Another sheet of celluloid is then i)laccd upon tlie 
articles, and then the frame N, w-ith its diaphragm a, is placed evenly 



PlQ. 107.—'J'lic llyiill Press for Coating .tiliclcs with Cclulloid. 


unon the frame T, after w-hicb the two frames ST in this condition 
are slit' between the jtlatcns AB, being allowed to rest upon the pack¬ 
ing M of the lower idtdmi, 71 This step of tfie process being completed, 
the u])|)er ])laten A, by means of the screw- /, is forced downward until 
its packing M presses directly u]ion and surrounds the edges of the 
frame S. The phittm .4 is screwed firmly down upon the frame S, 
whereby air-tight joints are formed between the jilatens AB, and the 
frames ST, and the w-ater, steam, or other element which is admitted 

1. In tlic pmeess of Hlucinct (E.P. 174%, tSSt); ahst. .T.S.C.L, I.Sitn, t), ,'-)22) 
a tube of celluloid of smaller diameter than ttie article to he covered is iilaceil 
in Ijoiling walei or steam and stretched ovei a healed mandrel, ft is then phmged 
in cold vuiler and tin* mandrel removed. The iirliele is then inserleit and plunged 
with its celhiloid covering into boiling water for uhont thirty .secomts, until the lulx 
has contracted and closely tits the article, wlien a linal plunge into cold water foi 
a final contraction and subseiiuent drying completes the process. 
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to the hollow portions cf is prevented from escaping cx(«pt through 
its proper delivery. Aftei' the platen A has been screwed firmly down, 
hot water, steam, or other heating agent is admitted undei a pressure 
of about 125 lb. to the sepin., through the supply pipes NI' to the 
hollow portions cf of the platens AB, the effect being that the dia¬ 
phragms aa and the sheets of celluloid dd arc pressed toward each 
other and around the articles to Ixjing coated. As the diaphragms 
move toward each other, they cause the sheets of celluloid to meet 
between the articles, foniiing joints and insuring the complete encase¬ 
ment of the articles in such manner that they can be separated and 
finished without injuring or disfiguring the coating. The combined 
heat and pressure operates to soften the celhdoid and wrap it closely 



around the articles, and to weld together those jmrtioris of the opposite 
shect.s which come in (amtact with each other. After the hciiting 
agent has been continued under jowstire against tbc diaphragms (la 
a sufficient length of time to effect the welding of the sheets of cellu¬ 
loid it is relieved, and water or other cooling agent, also under jiressurc, 
admitted to the chambers cf, the celluloid being ctxjled and caulted 
to “ set ” ill the configuration given to it by the heating agent. .Vfter 
the sheets have been attached to the articles, they are cut vertically 
between each, and then finished in any convenient manner. 

In the manufacture of handles for brushes, whiskbrooms, umbrellas, 
parasols, canes, tools, whips, doors, and similar articles by covering 
a wooden or composition core with celluloid, the patented methods 
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of E. Kipper' and tlie later process of J. Jrance^ are perhaps the 
best known and most valuable. In the former method, shown in 
big. 199, a handle is covered longitudinally through its center by first 
cutting to the proper size a piece of celluloid or similar compound, 
which is warmed until it becomes plastic. This is laid in the depres¬ 
sion of the lower half of the sectional die. The mandrel D is then 
passed through the hollow core C, a j)iece of celluloid laid in the mold 
being superimposed upon both mandrel and core. Another sheet 
of plastic having been wanned i.s laid upon the core and its mandrel, 
upon which is carefully adju.sted the upper .section of the mold, which 
should be Warmed to about Go°, the mold and its charge being then 
ready for the press, the low^er plate of which should be steam heated. 



Fig. 109. —Kipper’s Process for Coating Handles with Pyro.vylin, 

rres.sure being applied gradually, the tw'o pieces of celluloid are com- 
filetoly and firmly united.^ In the second process, the disadvantages 

1. U.S.P. 33.3400, iss,';. 

2. U.S.P. 430520, ISOO. 

3. Instead of using two piecivs—the one in the lower part of the molil, the 
other in the \ippcr part—one piecf* can lie UHod, the edp's of which, when wrapped 
around the eore, barely touch eacli ot}i(*r, luid liy ap])lyin^^ ii(>at and pressure, as 
desc*ribcd aliovc, a perfect w(*ld will result. The core may also be intr(Kluce<l into 
a tube previously prepared to a suitable size, and by applying heat and pressure 
it will adapt itself to the shape of the mold. If the plastic compound has been 
seasoned, it is desirable that the lower piece of plastic compound should Ik; brushed 
over with a solvent, as wood alcohol, on such portion as may come in contact with 
the surface of Ihc upper piece of same material* but if what is lenned “green stock ” 
be used such application of a solvent is unnecessary. 

In order to give shape to the article, another die may be employed, such as 
described in U.S.P. 271494 and No. 271195, granteil to J. McClelland, 1SS3. 

By adopting this process it is necessary that the core should have the perfect 
contours which are desired to be produced on the outside of the finished article, 
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of the use of wooden cores are overcome, wood being objectionable 
in that it shrinks and swells alternately upon exposure to extremes 
of temperature and humidity, and consequently often rattles in tfie 
shell or case.* A tube is formed of celluloid tubing, the core to be 
covered being of plaster of paris, whiting or other non-shrinkabl(! 
composition. The plastic tube as it issues from the hot stuffing machine 
is fitted over the sections of the core, being then allowed to cool. If, 
after cooling, the cclhdoid has not adjusted itself snugly to all the 



Fi(j. 200.—(’oatin^ Hantllos witli 201 MiinufacUiririK Pynixylin 

I*yroxylin, accordiiif' lo France. IlandlcH, according Fiance. 

forms of the core, it may be immersed in hot waf.cr, and iiff.er .soften¬ 
ing, snugly fitted to the core and allowed to cool. The chilled art icle 
is polished and finished as desired, after which it is placed in a season¬ 
ing chamber to eliminate further small amounts of solvents. The 
steps of formation are shown in Figs. 200, 201. 

as by Ibis process no flow of llic inaicrial is produced, wliicli may lake place by 
usinn the soliil die. 

1. The oiijcctions to ii wood filling arc overcome by tlu* composition descrilieil 
in U.S.P. 328843, ISSo, .1. France. 








CELLULOID AND THE PYROXYLIN PLASTICS 

The continuous process of coating, as patented by C. Thurber, 
is designed especially for covering boxes i and similar articles of hollow 
ware, as indicated by reference to Figs. 202, 203. The method of 
manipulation of the process is as follows; 

When the apparatus is in the position .shown in 1, the sheet 
or blank of material is pla(;ed upon the bed A of the steam-table press 





I'iu. 202.—Tliurber's Apparatus for Eorming Hollow Pyroxylin Articles. 

and across the opening in the draw plate li. Tlie diaphragm D then 
descends and holds tlie slmet d in position, as shown in 2. The 
1 >lunger P then ilesccmls upon the heated sheet or blank d and forces 
it through the heateil draw jtlate B into the position shown in 3 
of the drawings. .\t this point tlie cutting edge c cuts the heated 
article from the sheet or blank, and the further descent of the plun- 

•i 4 



I'lo. 20:i —Tliiii'lier’s .tpiiaratiis fur Funning Hollow Pyroxylin Articles. 

ger carries the ariicle thus formed down into the opening through 
the chilling plate where it is chilled and “sot,” as shown in 4 
of the drawings. This opening in the chilling plate C has no bottom, 
and as the plunger P vises the art icle d, which has Vieen cooled by the 
chilling [ilate, drops out of the apparatus, which is now ready to repeat 
its ojieration uiKin another jiortion of the sheet of material or upon 
1. U.S.P. ()()tW20, 1901. 
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a new blank, whieh is placed upon the bed of the press over the draw 
plate. 

The stripping plate h (illustrated in the drawings) is designed to 
strip the formed article from the plunger as the plunger rises, but 
it is not essential, for ordinarily the friction between the formed article 
and the sides of the, bairel in tfie chilling plate C is sufficient to sti'ii) 
the article from the plunger as the plunger rises. The, length of the 
ban el in the chilling ])late C is varied according to the thickness of 
the sheet of material to be formed or the depth of the article, a thicker 
sheet of material or a (hiciier arti<'le requiring greater length of barrel 
in the chilling jjlate to cool it th.an is recpiired with a thinner sheet. 
It is evident that this prex^ess admits of the coating of a large number 
of articles in a short time. The die may be cut so as to coat round, 
squar(!, angular, or iri'cgular objects. 

iVloIding Pyroxylin Plastic Objects, (lelluloid both pure and 
when mixed with pigments and other filling substances can be molded 
into the most diverse and intricat,e forms by means of heat, and |)rossure 
with small variations duo to the eont(jur, strength, or otlun- pecidiarity 
of the object to be molded. From the numerous methods which have 
been devisesd, patented, and exploited, the following are taken and 
described somewhat in dot,ail, being representative of the various 
classes of manipulations so that the entire field of plastic molding 
is covered in genera! by those s])ocific examples. The unavoidable 
shrinkage in drying of any inanufiictured article containing various 
amounts of volatile solvents, causing the material to become spongy 
and filled with air cells by reason of rapid evaporation of the solvent 
and expansion of interior gases, were difficulties which had to be 
overcome before sati.sfactory methods of shaping ])last.ic. forms were 
perfected. The earlier attempts to overcome these ini|)erfections 
consisted in subjecting the articles, immediately after they are formed, 
to pressure in porous molds or in vos,scls filled with sand. ^\'hen 
porous molds are used, they are recpiired to jirecisely fit each article, 
which is both difficult and expen.sive, cs])ecially in the case of fine and 
delicately molded article.s, which usually became distorted when 
subjected to pressure in such molds. The insufficient mobility of 
.sand is the princijial objection to its u.se for this purpose. In order 
to obviate these defects, especially in rounded molded articles, J. 
Hyatt ’ subjected them to pressure in a closed vessel by means of air, 
but preferably with water. When the latter is subjected to a uniform 
and gradually inceasing pressure, its tendency, irrespective of the 
configuration of the object, is to exert a uniform pre.ssure, admit of 
1. U.S.P. Em'S!, 1S73. 
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jxpulsion of solvents, and reduce the size of the object without dis¬ 
tortion or derangement of parts. 

]?y means of the arrangement shown in Fig. 204, the article to be 
Jried is placed in the lower part A, upon a diaphragm made of open 
doth stretched upon a hoop to prevent the marring of the object, 
the upper part C being then securely fastened to the lower. Water, 
glycerol, turi)entiue, or a mixture of alcohol and water or any other 
liquid jiosscssing a sufficient affinity for the solvent to readily absorb 
the same, is forced in by means of a pump until a pressure of al)out 12 
Litmospheres is ('stablished. It is u.sual to allow the article to remain 
under this pressure for thirty-six to forty-eight hours, the rapidity 



Fk;. 201.—Hyatt’s Method of Solvent Expulsion. 


of the drying process being regidatcd by employing a liquid possessing 
a greater or less affinity for the solvent. 

Where dry heat is used in molding, as in the process of R. Hunt,* 
th(i heat is ajiplied direcdly to the flask or mold as shown in Fig. 205, 
where 1 represents an exterior view of the ap])aratus, 2 a vertical 
section, and 3 the fork used for handling the flask. The heating agent 
is placed directly below the circular opening in the bottom of the screw 
pre.ss, the hot air being kept, in direct contact with the upper part of 
the fla.^K by means of the loo,sc jacket. 

In l'’ig. 200 is illustrated a die adapted to the formation of small 
solid articles such as celluloid collar and cuff buttons,^ and (smsists of 

1. U.S.P. vaira, is?.'), in the i)roce.ss of Diss (tJ.S.P. 27,S.321, ISS.S) a 
moliling arrangement is described and illu,strat,(“d, the essence of whicli is providing 
a very liglit, easily manipulated -and to a certain extent self-acting—die, in which 
the ilisadvantages of the ordinary heavy molds in cooling slowly and thus consum¬ 
ing lime arc practically avoided. 

2. H. Miller, U.S.P. 4,SS.570, 1,S()2. In the operation of the die, the upper sec¬ 
tion C being clev.ated a suitable distance from the lowi'r section and the hinged 
portion E being clo,sed and locked by mean.s of the lever H and link 7, the celluloid 
in proper quantity is placed on tlie lower die section li and the section C caused 
to descend until the two sections of the din come into face to face contact and the 
plastic material is forced into very part of the matrix. The section C is then ele¬ 
vated and the hinged portion E opened to free the article. It may be expedient 
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a stationary section containing one part of the matrix and a movable 
section provided with the remaining part of the matrix and composed 
of two portions, one being hinged to the other and (lonnec.tod by a 
link with a hand lever. By this means the hinged portion may be 
1 2 



Km. 2()r).—The Hunt Apparatus for SofleiiinR and MoldinR (Iclhiloid. 

openc'd or closed and locked in its closed ixisition.' Collar and cuff 
buttons, studs, and sitnilar articles are at prt'sent manufacttired in 
this maiimn’. 



Fiu. 20().-—Munufiicturo of (.Vlluloid Collar and (UifT Buttons. 
(Horace Miller’s Patent.) 


In the production of endless nrticles such ns rings and buckles, 
which consist oi a core covered or coated with plastic material (Fig. 
207), the plastic of which the coating is intended to be formed is placed 

to Imve the material heated in order to cau.'so it to flow into all parts of the matrix 
and issue in satisfactory conditioti, or to hent the die to facilitate thi.s result. 

1. See process for forming Vjuttons by molds and <lios, J. Hyatt, TT.S.P. 2110703, 
18S1. 
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in a stuffing box provided with a core nozzle, through which the mate¬ 
rial is forced to form a tube, the interior diameter corrasponding with 
the exterior diameter of the core to be used, the outer diameter of thg 
tube being somewhat thicker than the finished article. At the mouth 
of the nozzle is placed a suitably sized knife to slit the material as it 
issues from the stuffing box. After foraiation, the tube is cut into 
pieces, and utilized by cncompa.s.sing the core. The slit tubing is 
opened by the op(u-ator, made to envelop the core, pressed with the 
fingers sufficiently to be retain<!d in place, and the enveloped core 
then placed in a heated press.' 

In articles typified by a molded boat,- the following-described 
process admit.s of the formation of an exceedingly thin and light 



^— Mamifacturinp t'elluloid-Coated 
MiiniifacturhiK ('olluloitl- Articles bv tlie J)avia Patent. 

< oated Articlea. 


object. The mold is represented by two parts (Fig. 20,S), A and B, 
ot metal, where the shape as at a in relief and b the depression, when 
properly secured together (as by screw-bolts c) the celluloid can be 
forced into the matrix by means of the screw plungers d. The plastic 
is poured into the niatrix, the mold forced tight by means of screws, 
steam or otlier heat applied at, the proper temperature and for the 

1. Process of D. Lockwood, U.S.P. 1,S.S1. In the production of articles 

ot thrs class it h.a.s been customary to form the article by forcing tile plastic material 
into a die or mold in which a core has been supported by pins, and in other 
mstaiices the piece ot material has been united by means of cement and then 
mushed; liut these methods are open to objections, by reason ot displacements 
of the core, ami difficulties in connecting the lap. 

• 2. M. Davis, U.S.P. 259S26, 18S2. 
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desired length of time, when the mold is cooled and the finished 
obje(!t remov(!d. 

J. I<'\innan has evolved a mechanism for rapidly producing small 
one-piece articles' such as mouth whistles (Fig. 209), which may be 
readily adapted to the manufacture of numerous other small articles. 
There is a sjjace J, left between the beveled side of the bottom plate 
K, 2, and the curved sides of the a]>erture F at L, in 2, and the 
curved to]) of the plunger (I, and formed when the central plate I), 



3 





Fig. 209. —The Furman Method of Molding Mouthpieces for Whi.stles, etc., of 

Celluloid. 

is placed upon the bottom plate A. Into this space the celluloid is 
placed, the toj) jilate M firmly pressed upon the central jiliite 1), the 
celluloid being forced to take the form of the ojiening J, any sur¬ 
plus material overflowing into the ret'esses N. When the article 
has been jiresscd into shape, the top plate M is removed, the central 
jjlates D and E raised, and the finished mouthpieces or whistles 7’, 
4, left between the plungers G, and the sides K of the bottom 
plate. In order to press a hollow article into shape in a single move¬ 
ment without forming a fin upon the line of junction of the divided 
1. U.S.P. 36576S, 1887. 
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(lies,! Funnan prepares a bottom plate .1 (Fifj. 210) having m it one 
or more ()i«;mngs for the insertion of the divided dies, tlie openings 
liaving their sides beveled or inelined toward one another, so that 



they are smaller at- the bottom than at the to]) of the liottom plate, 
as shown in th(> drawings.^ The exterior form of the article is impressed 
upon the celluloid by means of the recesses (Id, cut in the dies, the top 

4 




Fig. 211. —Molding Small Celluloid Article.s. 


plate having depending from it plungers F, of suitable form to impress 
upon t.he celluloid the interior surface of the article, and also of such 

1. U.S.P. 360784, 1SR7. 

2. bee also description of process U.S.P. 534145, (tlsewhere in this work. 
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form as to be readily withdrawn from the article when the top-plate 
is raised, ^^^len very small articles are to be fomied—such as hollow 
charms—the form of die shown in 4 and 5, Fig. 211, is preferable, 
because the aperture in the bottom plate extends from end to end, 
but does not o.\tend through the plate from top to bottom. By means 
of these devices a large number of articles may be molded at once 
and the mechanical arrangement is such that the dic.s may be readily 
rcunoved from the holding plate. 

H. Miller* has described an improved machine (Figj. 212, 213, 214), 
for molding articles from jjlastic material by heat and i)ressure, the 
machine consisting of a frame having a top plate and bottom plate 
connected by bolts, and having journaled between them a rotating 



Fio. 212.-^Tlie Miller Machine for Molding Pyroxylin Plaslics. 

multifold die-carrying dial cylinder of apjiropriatc construction, and 
provided with suitable operative mechanism as shown in the <lrawings. 
When the machine is in use the material to be given form is fed u]ion 
each die section J as it comes opposite to the feed talilc T ami just 
])rior to the descent of the plunger M above ii.. Fpori the descent 
of the plunger the material is caught between and ju'csseil into 
the matrices of the die sections, whereupon the succeeding rotary 
movement of the dial cylinder moves the closed and locked 
die with its plunger M toward the pin or arm P', and phus the 
material in the die is pre.ssed and given the form desired, according to 
the configuration of the matrices. The dies are successively supplied 
with the material being treated, and then closed and moved onward 

1. U.S.P. 534446, 1S95. For detailed description and apparatus for mold¬ 
ing plastic material see I. Hyatt, U.S.P. 275216, 1883; Stuhling, Cell, bid., 1904, 
5,9. 
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under pressure until their plungers M ascend and separate the sections 
of the dies, when the molded ai'ticles may be removed. Thus the dies 
are successively supplied with the material, closed and caused to travel 



I'm. 213.—The Miller Macliine for Moliling Pyroxylin Plaslic Articles. 

under pre.ssiire a definite or sufficient length of lime and are then 
openetl to punnil the withdrawal of the molded iirticles and the intro- 



ft • 

I’m. 214. -The Miller Machine for Molding Pyroxylin Plastic .\rticles. 

duction of additional material during the succeeding revolution of 
the dial (’ylinder. This operation is continued until the desired iium- 
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her of articles of a given form have been prorluccal without interrup¬ 
tion, after which the machine is stopped and the die sections removed 
and sections of difi'erent form anil construction adapted for the forma¬ 
tion of a new line of articles sidjstituted for them. The particular 
nature and number of the dies will depend largely upon the character 
of the articles to be produced. 

Forming Pyroxylin Plastics into Sheets was first accomplished 
by passing through heavy rolls, l>ut it was soon noticed that- 
the edges cracked and crazed and in other ways became unman¬ 
ageable. The first distinct advance made in the formation of 
sheets is due to J. W. liyatt, who in 1S7S,* issued what is now known 
as “ Hyatt’s Sheeting Patent,” in which is described a nu'thod of 
forming sheets by ])laiiing from a block of celluloid by methods sub¬ 
stantially in use at the present day. Before that time the great 
obstacle to success in iilaniiig or rislucing jilastic material to sheets 
was in feeding it to the cutting edge. The materiij was apt to rise 
from the supporting surface and vide up the knife, thus either cutting 
the niati'vial irreguhuly or arresting the ojieratiou entirely. •Hyatt 
held the plastic slab firmly upon the sustaining surface- iiending the 
operation of shaving or planing into stiips, by fust causing by heat, 
and i)rc.ssure the union into a single slab of a number of jiieces or 
sheets of celluloid. Tlie reiiuisite number of sheets were su])('rposed 
one above the other upon the bed plate of a ])ress having channels 
or inclined grooves in the surface .so arraiigc-d tiiat upon pre.ssing the 
celluloid—rendered jilastic by heat admitted as steioii by hollow 
surrounding jiarts and commencing from the bottom—it would be 
gradually softened, 'fhe jiressure tended to drive bubbles of air out, 
amalgamated the sheets iutiO oik- mass, and forced the, softening mass 
gradually into the grooves and channels. Pressure and heat wei-e 
maintained until the, air was thoroughly exjiolled fiinu the material, 
the next stej) being the cooling of the jilastic ma.ss, still under jiressure, 
by the sub.stitutioii of cold water for the steam, the former being allowed 
to circulate until the celluloid has entirely hardened, any hit end 
shrinkage being prevented by the jire.ssurc. The jilatc and jilateu, 
being jilaced ujion non-conducting niatei'ial, are not alfected by the 
temjierature of the adjacent surfaces.^ The jilaning or shaving mechan¬ 
ism consists of a frame of any desired slvengtli and construction pro- 

1. I'.S.P. lOtlflOS, 1S7S; E.P 2070. 1S7I: inifiroveil in ,J. Hyatt, t'.S.I*. liUlOttt, 
1SS4. For " l,aci|ucring tydluloid Films and Slu'(‘l.s,",sce I’hol. Millti., I!K)2, 311, 
,il). 

2. When exposed to fhe air, the natural shrinltage of celluloid causes the 
portion which has been forced into the inclined grooves to act a,s a hook and hold 
file slali firmly liy tension toward the center, anainsl any either lateral or upward 
inoveinent. 
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vided with a traveliiii; lied i)late and operated by a reciprocating move- 
luont. The plate carrying the celluloid slab is advanced under the 
plane, the knife held iininovable, shaving or planing a sheet off. To 
regulate the cut of the plane, a gauge in the shai)e of a graduated disk 
is attached, being operated similarly to the niicronieter screw in a 
compound microscope. The disk is usually graduated into 250 parts, 
the pitch of the thi-ead of the screw being } in., hence a movonicnt of 
one graduat(!(l s])ace on the disk is eipiivalent to a lowering or raising 
of the knife edge l/lOOO in. Sheets are usually cut each .5/1000 in. 
in thickness beginning at 5/fOOO in. diameter. 

The cutting of sheets in this manner is continued until only a thin 
film of celluloid is left upon the bed plate, when instead of a repetition 
of the heat and pressure methoil just described, a seconil slab may be 
eemented on by means of a mixture of amyl acetate and acetone, 
the solvents causing the block to firmly unite with the film remaining 
on the plate, the slab thus attached being manipulated the sam(‘ as 
though secured U])on the plate in the manner first described. 

Each sheet after cutting exposes a surface containing volatile 
solvents, the cutting being usually done upon blocks in their green 
or unseasoned stale, unle.ss the blocks are of considerable thickness. 
In order to jnevenl buckling and wari)ing during the loss of the lemaining 
solvent, each sheet is placed in a frame so that il.s edges are between twe 
ii'on sections which are clamped together by means of bolts, the, sheeti- 
being securely held within the frame until thoroughly dry. During 
this operation it shrinks slightly, which draws it taut and straight 
across the frame, so that it hardens into a smooth, Hat sheet, after 
which it is withdrawn and is considered finished. Upon this iii'ocess 
of Uyatt’s, embracing the throe ojrerations of attaching, cutting and 
drying, all sidrseipient refinements have been based.' 

I. In U.S.I’. 21),yg?!, 1S7S, J. Ilyalt has JcscrilK'd .and illustrated a practi 
ral in, iliod nl allixing a plaslir body rigidly ui>oii a core, .so that .slieel.s niay In 
sul)!.'iiuenlly shaved off, the diameter of continuous sheets being ailjnsted by tin 
rapidily of tlie lotafion of the eore, or file speed with which the oitling knife i; 
advanced. See also Berlin .yniline (In., E.B. Olltig, IIKM; K.B. fftffS.St, 11)04; abst 
J.SC 1 , 1111)0, 21. 24S. For (he manufacture of celluloid plates by means i>f )!i< 
injector of \\inilerling, see Vierfeli. Schr. f. Zalm., 1,S7I), 1!), 221 .'Vccoi'ding b 
Berlin .Aniline Co. (E.B. 1)11(12. 11)04) eoliercnl opa(|ue white films or masses an 
obtained by allowing a solid ion ol jiyroxyUli, collodion cotton, or celluloid iu 
suitable soivctils to cvapoi-alc By varying the concentration of the solutions 
it is pi'ssiblc to pioducfi citlicr a brilliant or a dull mass. Colored opaque massci 
may also be jiroduced by adding a dyestuff to the solution For exanqile. by allow¬ 
ing a solution of 2U parts of celluloid in 100 parls of ethyl acetate and 120 parti 
of methyl alcohol to er-aporate at the ordinary lemperalure, a brilliant, whiti 
layer, resembling enamel, i.s produced. \ dull white layer, of very fine gi'ain, it 
obtained by diluting the abote solution with 180 parts of methyl alcohol, anc 
allowing it to evaporate. Filins or sheets thus produced aii' suitable for eovcriuj; 
glass, wood, leather, or paper, and especially for capping bottles. 
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The method of drying sheets by attachment in frames admits of 
but one sheet being dried at a time. In a subsequent impioveinent, 
Hyatt was able not only to dry a large number of sheets in a single 
operation, but to polish them at the same time.' A celluloid sheet 
was first placed upon a piece of polished (preferably nickel-plated) 
metal, the two being in face-to-face contact. Upon the celluloid is 
laid a sheet of smooth paper, cloth, or other textile material, which is 
wetted with a pyroxylin solvent before being laid on the plastic. Upon 
this i.s placed another polished sheet, and in this manner a number of 
sheets built up. The whole is placed in a press, and a pressure of about 
250 lb. per sq.in. ajjplicd, the pressure and length of application dej)cnd- 
ing on the thickness of the plastic sheets and the number ojxjrated 
upon at one time. The effect of the pressure is to cause the i)yroxylin 
to closely adhere to the polislied metal, and the sheet of textik' mate¬ 
rial to be forced into the pyroxylin and unite with it, the two forming, 
after compression, a single sheet, cloth-backed. The sheet of celluloid 
still in contact with the polished metal is placed in a heated room or 
or drying-frame until dry. When removed from the plate the pyroorylin 
will be found to have acquired a highly polished and brilliant surface, 
the brilliancy being in direct proportion to the smoothness of the metal 
plate.2 

J. Edson’s Method ^ of moulding pyroxylin slabs into a rectangu¬ 
lar shape of considerable thickne.ss so that they may be sliced into thin 
sheets, consists in producing the bottom plate of perforated holes 
filled with pyroxylin, the latter being flush with the surface of the jdate 
and constituting the base upon which the pyro.xylin block was fas¬ 
tened, using an alcoholic solution of camphor or other pyroxylin sol¬ 
vent as adhesive."* In Edson’s method of preparing (continuous 
sheets for the manufacture of collars and cuffs,® which has for its object 
the amassing of several hundred pounds of i)lastic material upon a 

1. U.S.P. 275215, 1883. U.S.P. 221070, 1879, J. Hyatt, contains (he first 
practical description of polishing celluloid sheets by great pressure, u shed- of say 
5 sq. ft. l>eing subjected to the eiuirmous pn^ssure of 150 tons. It Is to Ikh 
noted that the successes of J. Hyatt in this field usually include great pressure 
aided by heat. 

2. U.S.P. 205SS0, 1878, D. Lockwood, dcBcrihca a method for attaching sjiirul 
bands of pyroxylin to a core, the natural tendency of the cf)mpoHition to shrink 
in the process of drying being overcfjnic by overlapping the edges. As the material 
abrinks the overlapping edges are drawn down upon those below, and an even 
ahrinkage takes place without any separations. 

3. U.S.P. 356108, 1887. For Fdson's method of drying pyroxylin sheets 
by clamping in frames see U.S.P. 277693, 1883. 

4. U.S.P. 458157, 1891, ¥. Eckstein. A sulistitutc for glass of pyroxylin 4-S, 
acetic ether 100, castor oil 2 and (Canada balsam 4-10 (all parts by weight) are 
mixed together, filtered, and films formed by pouring the solution on glass sheets 
to dry. 

5. U.S.P. 349987,1886. 
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mandrel by heat and pressure, the chief feature is the employment of 
mechanical methods in the entire operation in the place of manual labor. 

The apparatus as erected and in position is shown in Fig. 215, 
the upper washer L being removed to introduce the plastic into the space 
between the mandrel and mold.i The space is filled with plastic in 
the shape of small pieces, care being taken to introduce them in such 
a manner that the minimum of air spaces is inclosed when the mass 
coalesces. After filling, heat in the form of steam is introduced into 



Fio. 215.—Tlie Edson Apparatus for Forming Thin Plastic Sheets. 

the center of the core or mandrel, which i.s hollow for this purpose; 
the mass .softens and be('ome.s woi'kable, and eventuallj^ unites into 
a single, homogeneous muss. 'J’his is either allowed to cool in the air, 
or the hardening facilitated by replacing steam in the core by cold 
water. Sheets are then cut from the mass in a manner similar to 
the production of sheeting from rubber or veneer from logs of W'ood. 
Pyro.\ylin sheets prepared in this manner for cuffs and collars are not 

1. Similar to E.P. 1908, 1884, ,1. Dunlop. 
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retiuired to ])o.sHess the unifonnity, smoothness and freedom from 
l)uhbles and insoluble particles that arc recpiired of pyroxylin 
intended for continuous films for photof^raphic work, on account of 
the hiffh ma};iiification to which the latter is subjected—thus intensify- 
inj:; any imperfections in the film. Fur \)repaTation of photographic 
films, which is a distinct branch of the art, see Chapter XVII. 


In forming very thin sheets, 



ri(;.216. —Edsnn’s .\pparatuB forFonti. 
inn Very Thin I’yroxylin Sheets. 


device is shown in Fig. 21(), where 
A or A' represents the supporting 
bed, B the knife mounted in suit¬ 
able guides, and D a pressure bar 
supported and held in jiosit.ion by 
springs or weights F, so that any 
recpiired resist ance! or pressui'o may 
be brought to bear on the surface to 
be cut.' The bearing surface of the 
bar is piefeiably rounded so that it 
compresses the iiyroxyliu ju.st in 
front of the cutting edge to the 
exact degree uecessai'y for holding it 
agjiinst the cutting edge, in proiior- 
tion to the amount of resistance 
requited for the dilTerent thick¬ 
nesses of the sheet to be produceiL- 
The various finishes, as mat, 
dull, pebbled, or polished, tire made 
on sheets by moans of ])iessur(' be¬ 
tween warmed surtace.s, the rough¬ 
ness or smoothness of which im¬ 
parts the desired appearance. For 
automobile window' wind-breaks, 
shoots from 0.()1.V().()2 in. thick 
are used, they having the advan¬ 
tage over glass in extreme lloxibil- 


it.y, being also practically unbreakable. They occasionally become 
marred and scotched, but this can be removed by brushing ov(!r tbe 


1. tl.S.P. 2s:i224, 1883, J. Etison. For method and illustrations of rnachino 
for cuttinK up sheets of pyroxylin plastic, soc .1. Everdins, U.S.l’. ‘JSti.yi.i, is.sii. 
For producing very thin sheets .sec W. Kcr, IbS.P. 82t)781, ItlOti; F.P. SHH.SOl 
1006; abst. J.P.C.I., IMOfi. 25, tOttl. 

2. That is, the resistance of the pressure bar shall be exactly equal to the 
density of the material necessary for cutting the desired thickness or thinness, 
the set screw.s, being provided with an adjusting device to regulate nicely the proper 
degree of coinpre.ssiou rc(|uire<l. For overcoming the variability in thickueas of 
celluloid sheets see J.S.C.I., 1905, 24, 248; E.P. 9902, 1904. 
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scratched parts lifflitly with a mixture of equal parts acetone, amyl 
alcohol and amyl acetate, with or without the addition of 5-10'/, 
camphor. 

“Crystalloid,” “duroid,” “transparene,” “litiioid ” and “petroid” 
are trade names applied to paper celluloided, printing being placed on 
the paper and a thin film (usually 0.005 in.) pressed over tin’s.^ 
Ijustrous, poli.shed and watenproof .signs arc thus formed which are very 
durable. France has described the jireparation of these signs in 
detail, the method consisting in first cutting a sheet of j)yroxylin 
plastic of any thickness, l)nt a little larger in length and width than 
the ])aiicr sheet or jjrint to be covered, or interposed. The i)aper 
sheet is laid on the plastic, leaving a uniform margin all around. 
The print is then surrounded by a narrow pyroxylin strip or frame of 
iibout the same thickru^ss as tin' pihit, and over this is placed another 
sheet of phtstic of the same si/.e as the lower f)ne. The whole is then 
welded together by heat and jn'essure, thus completely inclosing the 
print. Inasmuch as the jtyroxylin sheets are usually very thin, if not 
re.inforced its described above, where the jtaper or print is of unusual 
thickness, the unyielding nature of the pajx'r causes the sharp edges 
to act as cutting surfaces, which often sever the. plastic at the edge 
which it is desired to seal. 

Veneering with Pyroxylin comprises the i)voccs.scs of covering 
articles with thin sheets of celluloid and similar plastics, and s>d)jRct- 
ing the yielding mateiial to jn'essui’o to force the pyroxylin sheet upon 
the article to ciiu.se a perfect union. The yielding material may be 
line sand, or preferably jiutty made with a non-drying, non-siccative 
oil which by ju'cssure may be madt to conform to the shape of the 
article, irresiiective of how irregular that shape may bc.^ In veneer¬ 
ing, in general it is jireferable to use jiyroxylin in the green or unsea¬ 
soned state on account of greater jilasl-icity and because little, if any, 
artificial heat is requii-ed for adhc.sion. For this reason, sheets freshly 

1. In adilil.ion to money saved from the use of very thin celluloid sheets, the 
natural yellowi.sh t.inne of the ci'lhiloid is le.ss eoiispieuous as tin- diameter of the 
film decreases. A while, opapue film may he formed from tran.sparent cc'lluloict 
with no addition of pigment hy \isinK the followinn eomhination of light-lioilinK 
and hygroscopie li<iuids. Ethyl acetate 100, methyl alcohol 120, with celluloid 
20 (all parts liy weight) dis.s<)lved therein, is evaporated to dryness in moist air, 
sufficient, moistiire being taken u[) to partially throw the pyroxylin out of solu¬ 
tion, forming the brilliant while layer, somewhat resembling enamel. A dull, finely 
grained, white layer may be produced by diluting the above with methyl alcohol 
130 parts, before evaporation. K. Collins (U S.P. lO.Wyd, 1S.S9) describes proc¬ 
esses for binding celluloid sheets into wallets, card cases, book binding and for 
similar uses, in which he overcomes the then prevailing impression that celluloid 
is too refractory to be sewed, by interposing between the plastic sheets an clastic 
eu.shion in the shape of a thin strip of leather. By a .suitable selection of the, thick¬ 
ness of celluloid and leather, articles oommercially utilizabla were manufactured. 

2. U.S.P. 271491 18S3, J. McClelland. 



674 


NITROCELLULOSE INDUSTRY 


shaved from the block have been found to give most satisfactory 
results. In the arrangement of J. McClelland,^ Fig. 217, the material 
to be veneered on both sides is j)la('ed on the bed of sand E' with a 
piece of pai)er or foil interposed between the sand and pyroxylin sheet 
in order to prevent the former from adhering to the latter. Over 
this is laid the article to be veneered, then another sheet of pyroxylin 
protected from the upper layer of sand and putty. The board F is 



inverted, placed over the box E, the whole being placed on the jire.ss 
platen C and subjected to ])re8sure. The pres.sure, gradually applied, 
is imparted to the sand or putty and thence to the pyroxylin 
sheets, causing them to be forced into intimate contact with the 
article and to the opposite pyroxylin sheet.^ If heat is to be 


1. If the article to be covered is flat and of considerable area, such as a piece 
of wire cloth or cause, tlie entire material may be best incloseil in a box or frame. 

2. If the article to be veneered i.s porous, as wood, it may be first partially 
fire-proofed by treatment with .sodium or ammonium phosphate, ammonium chlor¬ 
ide, alum, ferrous sulphate, sodium tungstate or sodium silicate. Where a number 
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applied' the press has a steam table upon which the mold is supported, 
and by which heat is imparted to the plsustic, the heat in the form of 
steam being replaceable by cold water cinnilation to chill the plastic after 
veneering. C. Chundi ^ combines both vacuum and pressure by first 
covering the article to bo veneered with a sheet of pyroxylin fitted 
loosely over, inclosing all in an air-tight india-rubber bag, in which 
the air is exlumsted. The atmosphciric pressure then fits the sheet 
closely to the article, which is finally immersed in a fluid, as hot water, 
and groat pressure; a])]ilied to com])lete the union while the plastic, 
is in a moldable state;. It is stated that nei matter how' intiit;ate 
the conligui'ation of the; eibject to be veneered may be, the a])|)lication 
of Iluid i)ressure w'hile in a vacuum, aided by the se)ftening influence 
of heat on the pyroxylin, ciuisew the latter to enter all the interstices 
of the object. The pressure, being fluid, is exerted in all directions 
equally, and the conformation to the contour of the object is uniform 
throughout. 

It is evident that the ven(;ering of flat, smooth objects is not a 
difficult ojieration, and as in the ]n'oce.ss of J. Edson ^ consists in sim])ly 
introducing the object wilh a jiyroxylin sheet on one or both sides 
l)etween a pair of i)rc.ssure rolls or similar advancing surfaces, intro*- 
during by means of a jet or other approiudatc me.'uis a small amount 
of nitrocellulose solvent between the surfaces to be brought into con¬ 
tact. As the rolls revolve and Ihc pressure advances, the object is 
bi'ought into contact with the [lyi’oxylin under pi'e.ssure, while the latter 
is softened by solvent. Or, tlK* solvent may be omitted in unseasoned 
plastic, and greater ju-essurc aided by heat, sid)stituted. 

Stained Celluloid Sheets as a Substitute for Glass. Stained 
celhdoid .sheets suitable for signals, identification devices, and for 
pasting over ordinary colorless winrlow glass to ajtparently enhance 
its beauty and value, by imitating leadeil glass, may be m.ade either 
by dipping transparent sheets into an alcoholic or acetone sohttion 

of siniill articles arc to ho venooroil tlic.y may be placed at suitable distances apart 
Iretwccii two larg*- sheets of pyroxylin and subjected to pressure at one operation, 
tile niuterial beiup afterward seven-d in linos between tlie articles, leaving each 
covered on both sides and l)Ot,h edges. 

1. U.S.1>. 27l4'l.">, 2711tl(). bssil, .f. McClelland. 

2. U.S.P. fi3.7ill7, ISlItl. Witli a rublxir liag, all .seain.s, creasra or ridges are 
avoided, which, if present, would have to be subseipieutly removed by sandpaper¬ 
ing or polishing. The process of A. Wyman, U.S.P. St)2702, 1908, does away with 
the use of rublier sacks, which under the combined uiflueiicc of heat and pressure 
are .short lived, and utterly u,seles.s when ruptured or having a puncture as minute 
even as a pinhole. Compressed air, heated if desired, i.s substituted for the water 
and rubber, the plastic closely eonformiiig to the contour of the object. The com¬ 
pressed-air apparatus is also much less expensive than a hydraulic press. 

.8. U.S.P. 28t)240. 1883. See " Veneering Wood with Transparertt Celluloid," 
D.R.P. 103042; Baugew. Z , 1809, .31, 240. 



676 


NITROCELLTILOSE INDUf5TnY 


of a basic dyestuff of the desired shade, or if one side only is to be 
stained, the sheet, is laid on a flat surface and the dyestuff sprayed on 
the surface by means of an atomizer until the desired depth of color 
is obtained. By placing a stenciled pattern over the sheet before 
spraying, various designs are obtainable, the poitions covered by the 
stencil remaining transparent and uncolored. 

Celluloid Sheets for Balloons according to the patented proc¬ 
ess of J. Field ' may be prepared of a thickness of less than 0.002 in., 
and is claimed to be useful for thi' (construction of balloons or oilier 
art.icle.s the walls of which have to resist the passage of a gas. These 
thin .sheets are made liy .spreading liquid or pasty celiuloid on a glass 
slab or other support by the motion of an accurately adjustable straight,- 
edge, or of a flexible squeegee formed by the flexible bottom of a 
trough containing a li(]uid such as mercury. I'he shf ets of celluloid nmy 
be strengthened by incorporating threads of raw sill: in their stru 'tiire, 
i.o., by stretching the threads across the .slabs before spreading the hquid 
celluloid, or hiying them on the surface of the Iibn before it i-^ dry. 
This in principle is similar to reinforcement of concrete with s))i.ral 
iron bars.-’ 

Polishing Celluloid Sheets is necessary where tlu'V are transparent 
or nearly so, becausf} when first cut from the, block or cake it has on 
its surface fine linos caused hy the serrations in the edge of the cutting 
knife, however sharp or well ground it may be. To remove these 
knife marks and at t.lie same time straighten and polish th(‘ sheet, 
it is customary to first jdacc Ihom between highly jiolislu'd (often nickcl- 
])latod) metallic ]datc,s, and then introduce the sheets into a liydraulic 
pre.ss, where they are subjected to great pressure and sullicicnt beat, 
to soften the plastic, and cau.sc it 1(^ flow slightly. Ihe jiressure, 
driving out all air, causes the sheet to confonu to the highly polished 
surface of the, plate against which it is placed, so that, when chilled and 
taken out it is as highly polished as the plate against which it has l>een 
])rcsscd. The natural sensitiveness to heat of the sheets sometimes 
causes them to become discolored during the pue.ssure, and especially 
if the heal, is unduly elevated duiing the period when heavy pressure 
is exerted, or if the latter is sustained for a considerable period. The 
more perfectly seasoned the sheets become before polishing by pres¬ 
sure, the greater the pressure and heat reijuired to remove the knife 
marks. To avoid this possible discoloral.ion the least exposure to heat 
is the object aimed at by the workman; but if he allows insufficient 
time for healing, the knife marks are not entirely obliterated. 

1. E.P. 2f)682, 1008; 16010, 1900. 

2. For celluloid fi]m.s, set* Phot. Nows, 1802, 3(i, 86; Jour, of Phot., 1802, 30, 
81; Phot. MaR., 1,802, 2!*, Idd; Sci. Am. .Suppl., 1802, 33, 135:10. 
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To remedy these defects, W. Schmidt * proposes to apply to the 
surface of the sheet sufScient vapor of alcohol to slightly soften it, 
and render that part'so susceptible to pressure that the surface may be 
polished in the manner just described, but with the use of less heat 
and pressure, and thus avoid liability to discoloration incident to 
oveiheating.2 In Fig. 218 is shown a perspective drawing of an appa¬ 
ratus suitable for carrying this idea into effect, in which either methyl 
or ethyl alcohol or acetone is placed in the reservoir 1, heated preferably 
by a steam coil, the pipe 2 carrying a tube 3, having a fine aperture 
to allow the vaporized alcohol to pass out, and extending from the 
reservoir. The sheet of plastic is rapidly passed over the tube through 



2JS.—Polishing Sliccts of Pyroxylin Material (.Schmidt’.s Patent). 

the ah'oliol vapor, and by the glazed appearance of the sheet the 
op(';rator can see when the operation is finished. VV^hen thoroughly 
softened in this manner, it is (daimed less pressure and a lower tem- 
peral ure will produce a surface of the maximum polish and resplendency. 

J. J'ldsim ]jrcviou.sly softens the surface by means of solvent 
as .shown in I’ig. 21!), in which 1 represents a sectioti of a pair of 
pressure rolls between which arc rci)reBentcd a sheet of the mate¬ 
rial to be polishcil and the polishing plate. At 2 is a similar 


1. U.S.P. 40.1784, 1891. 

2. It is licsirable to vise as light a vapor as possible, otherwise the sheet wonM 
lx‘ brought 1o a condition almost like that in which it was originally cut, and which 
13 known as “ unseasoned.” The vapor of alcohol, being highly volatile, quickly 
pasw's off and leaves the surface oidy superficially softened and .so that it can lie 
readily manipulated in the .subsequent treatment. 

:i. U.S.P. 289239, 18,83, improved in U,S.P, 297770, 1884. See also by lidson, 
U.b.P. 283224, 289240, 289242, 290553, 1883. 
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transverse section of the rolls, but with the polishing surface made 
in a cylindrical form so as to be continuous and not intermittent in 
operation, as in 1. At AB are rolls of some elastic substance like 
rubber, so that a plate of glass may be passed between them without 
breaking. The celluloid sheet C, fed from the roll 7), passes in front 
of a distributing device E, which may be either a roller or a tube with 
jets to distribute a solution which readily dissolves the plastic and 
which is spread over the surface of the celluloid sheet ju.st Irefore its 
contact with the polishing plate F. This has the effect, as the pres¬ 
sure advances, of e.xpelling the air from the composition, and at the 
same time compressing and finishing the softened surface so as to 



I'ni. 210.—The Iklson Process for Polishing Shcct.s of Pyroxylin Plastic, 


brake it as smooth as the glass plate with which it has been in contact.' 
In irolishing continuous sheets as shown in 2, the same relation of 
devicfts is used, except that the glass plate is replaced by a cyliniler of 
glass, as at G, and mounted between rolls, so that the operatioir of 
polishing may be continuous and uniform. 

Embossing Celluloid. .1. Jarvis " has devised a method of emboss¬ 
ing thin pyroxylin plastic, in the prai'tice of which either white or 
colored sheets are taken, and embossed by any suitable method. The 

1. See also U.S.P. 221070, 1879. The polishing proce.ss of Zeitlcr is E.P. 8012, 
1885; an automatic celluloiii polishing machine, is descrilierl by Stiibling, (1. Z. 1905, 
19, 982. For imparting high gloss to celluloid plates, see Z. Bunsten, 1906, 25, 489. 

2. II.S.P. 417727, 1889. For article on embossing celluloid, see J. Midler, 

W. Papierf, 1907, (1) 38, 28. For embossing in book printing see Graph. Mitt., 
1903, 28. 
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sheet is then stained with dyestuff—^usually by dipping—so that 
the coloring matter runs into the embossed places of the design and 
thus makes a deposit of color at the embossed points deeper than that 
upon the surface. After drying, the sheet may be treated in either 
one of the following methods: The dried sheet may be polished with¬ 
out pressure until the stain on the surface of the sheet is removed, 
thus leaving the color in the embossed portion only. By then pressing 
the sheet flat between hot plates, a polished surface is obtained in 
which the pattern m colors shows very plainly. Or the sheet may 
bo first presserl with heat which entirely removes the embos.sed sur¬ 
face, and brings out the deeper' staining as a beautiful design, whirdi 
Irefore pressing was hardly pei'ce])tihlc. The eirrbossing may be by 
means of wlrecloth, dies, rolls or plate ])ress, as described in Chapter 
XI unilcr .Artificial Ijealher,' 

Dyeing.2 Nearly all of the basic organic dyestuffs and many 
of the acid ones are soluble in niothyl and ethyl alcohol, and these 
solutions can be added to jryroxylin before solidification to fonn 
various colored effects. Sheets which are not coloi'ed in bulk may 
bo dipped in an alcoholic solution of the dyestuff, the depth of penetra¬ 
tion depending on the nature of the dye, the concentration and the 
penetration of the iryro.xylin by the solvent in which the dyestuff 
is dissolved. Solvents differ widely in their influence on the jienetra- 
lion of dyestuffs in })yi'oxylin masses, acetone being especially efficient 
in aiding ixmetrafion of basic coloi'ing matter's. 

Per'rriiar anil striking effects may be produced in dyeing .sheets 
by means of color tests in qualitative inorganic analysis. The.se in 
general comjrr-ise a salt which is solublir in alcohol atrd which may 
ther efore be irrcortiorated -with the plastic in the, process of mamifactur-e, 
and sheets corrtairring this alcohol-soluble inorganic salt being either 
dipped in an alcoholic sohrtion of another salt which gives a color-oil 

1. t' 4211^67, ISOO, W. Woofl and (1. Cillmorc, contains the description 
of a ])rocess of emiiossinj; sheets of celluloid by means of a die <lescribed as especially 
applicable for thin sheets. 

In the manufacture of poker chips, those made of celluloid entirely are very 
expensive and have Init a limited sale, the majority of poker chips being made 
of clay anti shellac. Where a figure apfx*nrs in a chip it is usually produced by 
<‘mbossing or cutting out the figure from colored sheets of celluloid about 0.04 incli 
thick, the figure being actually pressed into the chip by mean.s of steam presses 
coupled with sufficient heat to soften the chip. “ Paranoid ” and other brands 
are prcpannl in this manner. The celluloid figure, is the same on each side of the 
chip, but the usual supposition that it extends entirely through is erroneous, aa 
may l>e seen by lifting the edge of the celluloid sheet with the point of a pen-knife. 
The celluloid used for this puq)ose is dull finished on th^ side adhering to the body 
of the chip, for if smooth it would be much more difficult to hold it in the larger 
matrix. 

2. For methods of dyeing celluloid, see Chem. Centrh., 1893,1,1099; Z, Biirsten, 
1898, 17, 277. 
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precipitate or color, or the sheet may he dipped in an aq\ieous solution 
of the palt which contains sufficient ivcetic acid (usiially 15-30',’y,) 
to penetrate superficially the pyroxylin and preci|)itate the colored 
salt on anil in the plastic. 

Examples of such combinations arc as follows: ('olunm 1, contains 
the salt soluble in alcohol or other liciuid solvent of cellulose nitrate, 
(loluinn 2, the aqueous or acetic acid solution of the salt in which the 
sliegt is immersed, and Column 3, the color imparted and the pre¬ 
cipitate formed. 


1 


Votiissiun) . 

(< (( 

Lead acetate.. . , 

il I ( 

( ( I < 

Silver acetate. 

(iochineal or carmine 
(lold chloride (auric) 
Iron chlorid(‘ (ferric) 


Copper acetate 

H I ( 

Cadmium chloride*... 
Arsenous acid 
Antimonic chloride. 

(’hromic chloride. 

Manganous chloride 

Zinc acetate. 

Nickel chloride .. 


Lead acclalc 
iMcrcuric chloride 
Silver nitrate.. 
P<)tassi\im chromate*. 
Soilium phosphate 
Sodium sulphide. 
Potassium chromate*. 
S(Klium stdphide. 

Ammonia. 

Stannous chloride. 
Tannin 

Ammonia. 

1 V)tassjurn fcrrocyanalo. 

Hematoxylin. 

Salicylic acid. 

Amnu>nia ... 

Potassium ferrocyanIde. 
Sodium sid]diide. . 


jOxalic acid 


a 


Yellow lead iodide 
Deep red mercuric iodide 
Light yellow silver iodide 
Yellow lead chromate 
White lead phosphate 
Black lead sulphide 
Brick-red silver chromate 
Black silver siilpiude 
Deep scarlet 
Purple of ('assius 
Black 

Brick-red ferric hy<lroxidc 
Blue ferric ferroevanide 
Black 

Purple (fugitive) 

Blue 

Brown cur)T'ic fi'rrocvaniclf* 
Black cupric sulpliiilc 
Yellow cadmium sulphide 
Yellow arsenous sulpldde 
Orange antimonic svilphide 
(irocn chromic hydroxide 
Pink manganous sulphide 
While zinc sulphide 
(ireen nickel oxalate 


If the Hiirface of celluloid be partially colored by immersion in a solu¬ 
tion of a dyestuff and then waslied and dried, it is f(»vind that by a 
brief second immersion in a different-colored solution, the uiicolorcd 
portion can be dyed, without the sluule of the colored ]>art beinj^ 
much affected, and upon this observation is based a process for pre¬ 
paring multicolored surfaces by direct dyeing.’ After the second 
and subsequent immersions in the dyestuff solution, it is preferable 
to at once wash the material in a medium in which it cannot be dyed, 
celluloid being preferably waslied in water. It is stated that this 
method can be applied to the preparation of three-color gratings. 


1. Vcrcin. Kunstsciclcfabr. A-G., F.P. 395165, 1908. 
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Haskell’s Finishing Process. In a recently described process 
of H. L. Haskell,* a method of coating or finishing with celluloid is 
given, by which an article may be completely coated without any 
break or joint showing, irrespective of its shape. The process, which 
is illustrated in I’ig. 220, is preferably carried out in a room in which 
the nioist.ure in the atmosjiliere has been removed, as by an exhaust 
fan, the tem))erature being kept at 15° or below. A thick solution of 
the celluloid is made, the article to be finished first dipped into^the 
solvent, and then into the celluloid solution before the solvent has 
had time to evaporate.** The suri)lus is allowed to drain off, and the 
article then mounted upon a slowly levolving wheel, which is revolved 
until the lacipicr has dried.** 




Fig. 220.—The Haskell Finishinp; Process. 

.'\fter the article is coated, it may be finished or polished by sanding 
and dipping into solvent. If the coating is colorless, the grain of the 

1. 11 S.P. !«.')(««, 1000. 

2. ll is sugjiesled that a portion only he coated at a time, so that the article 
may Ik* readily haudleil without tuuchinii the dipped or undried portion. 

d. Hy mounting tlie article upon a wheel, the draining off or settling of the 
coiiting to one side is prevented, so that a uniform covering may be olitained. The 
wheel 2 is arranged within the casing 1, which prevents too rapid drying from evapo¬ 
ration of .solvent. As shown in the drawing, the wheel is provided with outwardly 
projecting clamping members arrangial for securing the article in place during 
liard.'ning of the coating. The object of carrying out the process in a dry atmosphere 
is probably to admit of the use of hygroscopic fluids, as ethyl acetate or acetone. 
When a solvent of this nature is used in a moist atmosphere, too rapid evapora¬ 
tion of solvent is apt to cause nil-like dents on the .surface and the film may turn 
opaque aud whitisli, when it will be found to have lost its strength, ami the snhse- 
quent application of solvents will not restore the resplendent and transparent 
appearance. A smooth surface may bo formed hy smoothing up tlic jouit hy paint¬ 
ing on a high boiling pyroxylin solvent, as amyl acetate. 
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wood shows through, giving the surface a varnished appearance. The 
protection of the w'ood in this manner witli an impervious coating is 
said to bo of especial value as coating for watercloset seats, covers, 
tanks, and the like. Antiseptics may be added to the (!oating com-^ 
)x)siti()n to increase the sanitation. 

Factitious Ivory, (tf the various moldable substances which 
have from time to time been suggested as substitutes for ivory t and 
otljpr rare and costly materials, the pyroxylin plastics have proven 
much the superior. An endless variety of variegat.ed and multi¬ 
colored effects are possible and are produced in a manner similar 
to the formation of ivory, marble, carnelian, mosaic, horn, 
tortoise shell, ambei, onyx, and similar beautiful natural products, 
'rtieir development, t.o the present-day perfection is the result of an 
immense amount of experimentation, and has called for the exercise 
of great patience and ingenuity. 

Parkes - was the first to describe a method of imitating ivory and 
l.)earl, find thus laid the basis on which future exjreriments wcire 
conducted. 'I'lie first dependable results obtained weie by the use 
(jf boiu'-dirst, and are described in a series of jnitents issued to tin* 
Hyatts and others in the United States under the nanu! of “ Honsilat.e.”-'’ 
Honedust was.welded by heat and ju'essiire aided by a solid solvent 
of the bonedust, as salicylic or benzoic acid or other similar crystalliz- 
able bod.\'. These jjatents utilizcxl to the utmost the effect of heat, 
iind lu'essurc—the two factors underlying the modern manufacHire 
of celluloid. Imitations of horn and ivory in the formation of buttons, 
billiard balls, knife handles, and egg s])oons were made in large (luan- 
tities, but the imitation of ivory lacked in one important respect - 
the absence of the graining or striations, which arc supposed to indicate 
successive annual growths in the tusk.^ 

1. That naxtification of <lentine or tooth auhstance whicli in a transverse 
section stiows lines of different colors running in circular ares, and forming by 
tlieir decussation minute, lozenge-shaped spaces, and which is represeri te<l by 
ev('ry portion of any transverse section of an elephant's tu.sk, i.s true ivory, the 
above distinguishing it from every other substance. 

2. IC.l’. 27l)!l, ISliB. W. Welling, U.S.P. 17941), 1S.)7, used shellac, ivory dust 
and camphor. 

:!. U.S.l’. 133229, 1.S72; 1563,54, 1874; 236034, 1880 ; 2,39794, 1881; abst. 
,I.S.('.I., 1SS2. 1, 217. The method was to take ivory dust 2, pyroxylin 2, camphor 
1 (all p.arts by weight) all thoroughly mixed by grinding; water-expelled solvent 
added and pres.sed in a cylinder or mold under heavy pre.ssurc and at a tem|x>rature 
of 7,5-12,'P. See also Depont and Story, E.P. 9'267, 1889, where lime, phosphoric 
acid, calcium carlionate, magnesia, alumina, gelatin and albumen are kneaded 
together, the resulting mixture having also the chemical composition of ivory. 
It is claimed that the mixture after maturing for some weeks, can be cut, turned 
and polished in the ordinary way. See also E.P. 18090, 1889; abst. .I.S.C.I., 1890, 
9, 199. 

4. Pf. W. Krug. Xf.S.P. 64841.5, 1900. 8ee F. Cottrell, U.S.P. 254280, 1882; 
E.P. 3376, 1881, for manufacture of “Material to form Artificial Ivory.” 
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J. Eclson 1 was the first to obtain a patent for a process of imitating 
the peculiar laminated structure of real ivory by a plastic. A careful 
examination of a piece of ivory wiU show that the more transparent 
lamina) are about half the diameter (calculating from center to circum¬ 
ference) of the whiter, more opaque striae. By superpo.sing upon 
each other, sheets of plastic of varying density, opacity, and color as 
regards amount of pigment therein, warming the mass until softened 
and then rolling on a heavy friction or calendar roll, the striations 
were more or less perfectly brought out. Under combined heait and 
l)ressurc, it was found that the sheets would sometimes crack at the 
edges when passing through the rolls, but Stevens overcame this 
defect- by automatically moistening the edges with a solvent ju.st 
before they passes! under the rollers.'’ The next advailce was the 
building u]) of transjjarent and translucent layers as leefore, making 
a solid block by heat and pressure, then cutting .strips transverse to 
the original sheets. This is the method uscal at the ])rescnt day, 
subse((uent refinements being in the nature of improvement of the 
general shade or color of the lamina) so as to more nearly apiiroach l.he 
appearance of natural ivory. It will be recognized that the procure¬ 
ment of these delicate degrees of sluule and translucency arc matters 
of great, nicefy and judgment.^ In natural ivory there are present 
certain irregularities or “ knots ” in the “ grain,” corresponding in 
appearance to the annular rings around a knot of wood. To obtain 
this, one method is to roll a thin sheet of plastic .several time.s, or make 
several folds, and include this at any j)oint between the sheets, the 
great pressure blending the folded portion with the sheets, wlnm 

1. tt.s.l>. 2R.'t22r), K.P. 3ftt(), ISHt; .-ilist. J.S.C.I , IS,St, », 27(1. While 

ICd.soii hrlii'ved he discovered the art of artificial ivory nmoufacture, it. is related 
that he and the IhS. I’ateid, Office were much surpri.seil to find suhsispiently 
that I’arkes had iinticipat,ed him by at least fifteen years. The latter oirtaitieil 
the artificial ivetry by rolling out semitransparent slu'cts with sheets containing 
pigment, uniting them by a more fivnd solution. To get the '‘crooked graining,” 
J’arkes twisted the.se strips of uidled sheets and then preased them together jigain 

2. f:.S.l’. tiOOl.W. l.SSd, 

it. Of. (1. Davey, K.l'. Ulit, 1H72. 

4. In the preparation of this fictitious grain, at. least, two lots of jilastic are 
|)reparcd, dilTering from each other in color, etc., to such an extent, that when com¬ 
bined and subseipiently reduced to the ultimate, the individual eharacteristics 
foi-ming the integral part,s of the “grain” shall he such as to best ap|)roach the appe.ar- 
ance of the product formed by nature. Account has to be taken into considera¬ 
tion of the pyroxylin, which in practice is never wliite or sufficiently opaque, but 
possesses a shade more nearly like that of horn, and this horn shade varies so much 
in different “batches” or “bleaches” that a selection of a suitable batch becomes 
an impottant preliminary factor. Usually the upsetting of the grain caused by 
the small amount of flow of the material in taking the mold or by pressure, causes 
sufficient disturbance to the initial regularity of the grain to avoid monotony, 
lake away the mechanical appearance, and give a wavy and pleasing effect. .Aboid 
!i% and 0.5% respectively of zinc oxide is the, amount of pigment usually placed 
in the two different sheets. U.S.P. 307032, 309831,1884. 
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tpon making transverse sections, the apparently interrupted striations 
are clearly brought out. 

In the patented method of C. Chickering,' shown in Fig. 221, pro¬ 
ducing imitation of “ grain ivorj' without flaw or blemish,” in the form 
of rods and tubes, is claimed. The celluloid having first been cut 
into strips of proper size for the formation of tubes as regards length 
and diameter, the longitudinal edges of each strip are beveled on 
alternate sides as shown at a a, at 1 and 2, so that when brought 
together they will overlap, thereby producing a tube of uniform thick- 


1 


2 



I'lG. 221.—Manufacturing Cclluloi<l Articles, according to tlic Method of Chickering. 


ness and having a close-fitting seam that is not lialilo to se])arat(“. 
The strip A, before bending, is rendered flexible by heat, and is then 
rolled around the mandrel B into aiiproximatcly the desired round, 
oval, square, or tubular form, and with the beveled edges a a nearly 
or quite in contact. The mandrel B, with its surrounding tubular 
strip, is then placed in the lower part or half of a sectional mold or 
die, C, of approximate shape, as shown in ',i and I. In placing the 
mandrel and tube within the die it is preferable to arrange the scam 
uppermost and apply a cement solvent—such as siiirits of camphor or 


1. U.S.P. 329273, 1885. 
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wood alcohol; to the beveled edges of the seam a strip, h, of paper w 
other suitable material is usually applied over the seam to prevent the 
solvent from spreading too rapidly, and also present an obstacle to the 
entrance of dirt, dust, or extraneous matter which is apt to adhere 
to the interior of the die. The upper half, C, of the die is now brought 
down onto the tube and its inclosed mandrel and suitable pressure 
exerted upon the die, heat being preferable, and subjected to adequate 
pressure with the pyroxylin in contact with the mandrel. The tube 
will by these means take the deiyrcd form w’ithout impairing the grain 
of the material, and the seam at the overlapping edges o a will be accu¬ 
rately and permanently closed, thereby leaving no unsightly ridges 
and immrring no risk of separation. The process as dcscuilred i.s 
most applicable to what is termed “ seasoned material but by using 
green matci'ial,” which has not undergone the iirocess of curing, 
the cement or solvent may be dispensed with, as the i)rocess of weld¬ 
ing is easier effected with such material than with seasone<l matcjial. 
The beveled edges may in such case also be dispensed w'ith. After 
remaining in the die a suffi(uent length of time to become set, the 
tube and Its mandrel are withdrawn and detached. The tube i.^ now 
ready for finishing by polishing or otherwise. By providing the 
interior of the die with suitable designs a corresponding oruameiitation 
will be impressed on the tubes while being formed. After the tubes 
are removed from the die and polished they arc ready for the market, 
and are available as handles for canes, umbrellas, parasols, whisks, 
bru.shes, whip.s, and many other art,ides. 

Where it is desired to produce rings resembling ivory from celluloid 
I'lmil Ki]iper’s method,' shown in Fig. 222, may be used. By referring 
t :0 the drawings, it will be noted that the numeral 1 indicates the bot¬ 
tom or base of the die or mold, and 2 the top or cover, each part being 
ju'ovided on its interior surface wdth a series of semicircular recesses, 
.3. joining each other by annular sharp or V-shaped edges 4, all in 
such manner that when the two parts of the die are brought together 
the recesses and sharp edges will (coincide with each other and form 
a series of separated annular channels—s(juare or angular for one 
portion and semicircular for the other portion. The mandrel 5 is' 
provided with a smooth or ])lane-facod cylindrical surface, 6, and at its 
ends is supported in orifices in end washers or heads, 7, which are 
confined in place by nuts 8, or other fastening devices, engaging with 
the projecting ends of the mandrel. The pyroxylin, 9, to be made 
into solid rings is placed iiround the mandrel. Jt may be a complete 
tube drawn upon the mandrel; or it may be a rectilinear sheet, made 
1. U.S.P. 335(135, 1886. 
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ta encompass the mandrel, and its meeting edges welded together 
by pressure in the two-part die; or it may be flowed about the man¬ 
drel, or in the form of two separate sheets caused to encompass the 
mandrel and welded at the meeting edges during the pressing operation; 
but in order to produce stratified products pyroxylin compounds 
are used in which the sheets are made up by stratification, so as 
to produce linear shades in the surface of the article to resemble 
natural ivory. After the material is placed upon the mandrel the 
two-part die is subjected to heat and pressure to convert the 
plastic into a seainle.ss tube and produce on the surface a series 
of connected annular curved ribs or projections, 10, and a series 
of depressed liinw, 11, all concentric with each other, while the 
interior surface of the tube will remain jmrfectly Hat or square, by 



1'Tg. i'l'i .—The Kipper McUskI of Eorioion Solid ('<!lhiloid Hint's. 


reason of the plane or smooth sui-face to the cylindrical mandrel. The 
die is then sejtarated and the ribbed tube removed and placed in a lathe, 
so that by presenting a cutter or knife, 12, Eig. 222, to the de])re,ssed 
lines II and revolving the tube the latter will be subdivided into 
detached rings, each having a semicircular periphery and a squared 
interior, as shown, 'rin; sipiared innei- surface of each annulus thus 
produced is then turned off by a cutter, thus finishing the article 
and producing solid I’iiigs, which are round or circular in cross- 
.section. 

Another simple and effective method of decorating the surface of 
celluloid to imitate “ grain ivory ” is to dip the .sheets containing the 
zinc oxide pigment momentarily into dilute nitric acid, then washing 
and drying. The acid, it is stated, dissolves the zinc oxide on the 
surface of the thin sheet, and when such sheets are pressed together, 
the dissolved portion much resembles the lighter, more translucent 
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portion of ivory,* The prooesnes of Best,^ Merian,^ Greening,* H. 
Franquet,® and T. DiJier ® eontain slight modifications of the fore¬ 
going general method. 

Artificial Horn. As is well known, the horn of the ox, buffalo, 
sheep, goat, and other animals, con.si.sts of a central, intermediate 
and exterior poi-tion nested together, each portion comprising an 
irregular body having undulating streaks, fine variegated lines, and 
mottled spots, so that when the horn is cut and polished it presents 
a decidedly characteristic marbled, clouded, or watered ai)pearance, 
having the lines of color radiating from the top or point of the horn. 
Ill the production of small articles as buttons, the horns of animals 
are usually first softened by steeping in water, then cut or worked by 
placing in a chuck ami pres.sed into the required form, after which they 
arc polished for use. In the adaptation of horn for use in large masses 
such as umbrella or cane handles, one of the iirincipal objections has 
been the difliculty cx))ericnced in iirocuring horn long enough and suf¬ 
ficiently solid for tile purpose. Fven when it has been ]iossiblc to 
obtain jiieces of such large size the cost is so great as to make its use 
jirohiliitive for any but the more e.\pcii.sivc articles. 

W. Harvey^ has invented a process of producing artificial horn having 
the characteristic structure and marliled, clouded, and watered apixiar- 
ance of the natural growth, and-of any size or diiiieimion. The inven¬ 
tion con.si,sts in methods forming an ailificial horn of pyroxylin plastic 
having partly colored or variegated and lined strata, and this is possible 
liy causing the lines or stria! to align with the colored portions and 
overlap each ot.lier in a bar, rod or other conically formed mass (Fig. 

This is arranged so that the spots of color and lines of union 
of the sheets a])])car di.sposed around tin! center of the material as in 
the natural horn.** sheet of celluloid having layers or strata of 

]. U.S.P, .IBO.SII, 1SS7. Ttic claim is made that the nitric, acid will suffi¬ 
ciently dtssclvc the ititsmcnt from the outside portion of each sliect to obtain the 
aitpearanee of tlie less opaipie liuninations of ivory. 

2. E.lh l.'imi, 1HS4, alist.. J.S.t'.L, IS.S.u, 4. 7.71. Mattm^sium l)oratc 12.,7- 
25% of weight of pTi'owliu is added to decrease the iiitiammaliilitv. 

;i. E.f. lU7f.5, f'ssl;' atist. ,I.S.(!.t., 188.7, 4, .707. See E.l>. 12151, 1800. 

4. E.P. 2481, lS8;i, 

,7. E.P. 11081, 1001; E.P. :!12,8U1. 1002; atist. .I.S.U.I., l!)t)2, 21, Lit. 

0. E.P. ;j;t()070, 100:i; Eir.st .Vddition dated Oct. 28, 1001; Ei.P. 2224.7, 1001: 
ahst. .l.S.loot, 23, 153. Tlie Irise is ol)l,uincd l)y comlhninit celluloid 20, ace¬ 
tone 40, 9.7% alcohol 40, castor oil 5 (all parts by weight). Sec Maskcll, “ Ivories." 
fN'cw York, 1005). 

7. U.S.P. 460080, 1801. E. Jetters’ pnxess (II.S.P. 740207, 1!)04) consists 
in first saturating rawhide with glue and then witli a glacial acetic acid solution 
of pyroxylin. The ma,ss is then dried aiwl saturated witli aluminum chloride. 

5. 1, Eig. 223, is a top or plan view of a sheet of celluloid, colored, spotted, and 
lined or striped and adapted to be worked into the required form. 2 i.s a similar 
view of a triangular-shaped piece. 3 is a persp(*tive view of several cones of uni¬ 
form sizes and respectively colored and united so as to constitute an integral rod or 
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spots, colors or lines, as brown, gray, light-smoke, ivory, white, olive 
green, dark-smoke, transparent, translucent, opaque, etc., placed on 
them by means of an amyl acetate or acetic acid solution of the usual 
acid or basic dyestuffs, is rolled over a slightly heated cone into 
conical form, a number of such cones being jdai^d one within the other 
as indicated in tlio figure.s. Befoi'o tlie iirsertion of each cone, its 
exterior is dipped in pyroxylin solvent, so that when the building up 



process has been comi)lcted, a single mend)e.r will be formed of tlu^ 
agglutinated cones as a solid laminated body, closely resembling 
natural horn both in structure and color effect. To make, say, an 

other figure closely resembling natural horn. 4 Ls a transverse sectional view of 
several cones colored, lined and united. 5 is a view in elevation of a rod com¬ 
posed of a aeries of laminated cones .suital)ly tiinicd oil at the points of union of oiu' 
cone with the other and forming a nxl. fi is a view in elevation, showing a rod cut 
obliquely in order to show the internal grain or nerve tissues in imitation of natural 
horn; and 7 is a .similar view showing the hooked handle of the umbrella stick 
formed by bending and shaping the obliquely cut bar or rod illustrated in 5 or 11. 
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artificial horn handle for an umbrella stick, the bar is cut obliquely 
as shown at d' in 5, which exposes the oblique portions of the rods, 
and gives the appearance of horn sawed angularly, thus heightening 
the natural effect. Heating the rod induces plasticity, and it is then 
curved or otherwise molded. 

Tortoise Shell Imitations. Natural tortoise shell is the name 
properly applied to that semitransparent and mottled material of 
the scales covering the carapace of the hawksbill—a marine turtle 
found in all tropical seas. In this species the thirteen shield plates 
do not join at the edges, but overlap posteriorly, the larger central 
ones being 6-8 in. broad, those from a large turtle weighing 7-8 lbs. 
They are rarely thick enough to serve the ornamental purposes to 
which they arc put, but may be welded together when boiled in oil 
or water. With tortoise shell articles of Oriental manufacture these 
welds can usually be detected by the irregvdar but beautiful pattern. 

Of all the substances proposed of which to make factitious tortoise 
shell, the pyroxylin plastics have been found much the superioi', the 
dyeing being the most important and diffiiadt i)art. The ground color 
of true tortoise is a light yellowish lirown, closely approximated by add¬ 
ing an alcoholic sohition of Sudan (I or (!G, dyestuff to pyroxylin during 
conversion, the mass being dyed homogeneous throughout. The 
reddish-brown transparent patches, charactei'istic of true tortoise, 
are obtained by adding small amounts of a saturated alc.oholic solu¬ 
tion of the various sudan browns and reds by means of a dropping 
burette on the sheets, or by spraying with an atomizer over the sur¬ 
face of the plastic softened by heat. More natural effects are obtained 
by treating unseasoned plastic in order that deep penetration of dye¬ 
stuff may take place so that the colors gradually blend into the lighter 
matrix. Tdiis may be assured by piling sheets of colored celluloid 
on each other, applying heat and pressure very grailually for several 
hours fif necessary) in order to permeate the plasties mass with the darker 
coloreed dyestuffs. For use in China and Japan in expensive inlaid 
furniture and othci' work, metallic incru.stations consisting of tin and 
silver foil and ])owder, gold or silver stars, medallions, crosses, and 
other designs are introduced into the plastic celluloid and rolled or 
otherwise mixed to thoroughly disseminate the incrustation unifonnly 
throtighout the nia-ss. Spill' was the first to describe a process of 
artificial tortoise-shell manufacture, his method being to build up a 
series of thin slabs of the material of two or more colors, causing them 
to blend into each other by passing through heated rolls. Hand 
coloring of the light-yellow celluloid sheets is also practiced, and 
1. E.P. 1739, 1875. 
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when skillfully done it is said to be almost impossible to distinguish 
the true from the artificial by inspection alone. 

Imitation Pearl. In order to produce that peculiar iridescent 
nacreous appearance of natural pearl, G. Mowbray * mixes with the 
plastic mass finely ground or rasped mica, sifting the material over the 
converted pyroxylin, after which the entire ma.ss is thoroughly mixed. 
Certain fluorescent dyestuffs, the cosines, erythrosines, rliodamines, 
crthyrolitmin or uranin, especially the latter, may be added in very 
small amounts to give a dichroic effect and to incuease the iridescence. 
The fluorescent dyestuffs in solution in wood ahjohol or acetone are 
sprayed onto the plastic compound by means of an atomi/icr just before 
it has been submitted to the rolling process. It is stated that with 
this method the mass can be made to assume a very beautiful ai)j)eai'- 
ance, the variety and play of colora, the sparkling rellcctiorus of the 
mica, and the translucent pyroxylin each contributing to the result. 
Another method consists in preparing either transjjarent, colored 
or opaf|ue jjyroxtdin sheets, sifting over the surface extremely minute 
scales of mica and then superimposing another thin transi)aretrt 
l)yroxylin sheet and subjecting the two sheets to warmth and i)rcssure.- 

It is well known that calcium and barium 8uli)hides and other 
materials by being exposed to daylight or strong artificial light hav(! 
excited in them a molecular afdion which jn-oduccs phosphorescence, 
so that they arc rendered luminous in the dark. It is claimed 
that the addition of small amounts of phosj)horcs(!ont material teiuls 
to impart that peculiar sheen noticeable in real pearls, and adds greatly 
to the deceptive effect.® 

Artificial Coral.'* Beyond their general utility and useful¬ 
ness as sources of lime, none of the corals have an industrial value 
except fhe red or precious coral (Corallium ind)runi) of the Mcdit('r- 
ranean, and this has from remote times been highly |)ri7,ed for jewelry, 
personal ornamentation, and decorative purposes generallyIn 

1. U.S.P. 204661, 1SS4. 

2. The superimposed sheet should, of course, be as thin and transparent us 
possible in order to obtain the b('.st effects. Both the natural transparent mica 
and that which has been previously heated until it exhibits a silvery appearance 
may be used. Other scintillatint; materials, powdered kIuss, electrolytic carbides, 
borides an<l silicides also suggest themselves as being usefid, 

3. I. Drummond, U.S.P. 24S413, 18S1; see also F.P. 3'24H04, 1902. 

4. Polyps have a cylindrical form of body with a mouth at one extremity, 
and are permanently united at the base; when stony, they are called corals- 
which are only aggregated polyps. The framework is secreted by the animal tis¬ 
sues as bones are, and not by any conscious power of the polyp. The Actinoid 
polyps form ordinary corals, and tne Alcyonoid polyps the Gorgonia or Aloyo- 
nium corals; the red variety used in jewelry is the stem or axis of the Alcyonoid. 
Some of the most valuable lime.stoncs and beautiful marbles were formed entirely 
by polyps—the most indefatigable rock builders in existence. 

a. Tnis is chiefly obtained from the Mediterranean, where it is brought up 
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duplicating the appearance of this coral, the three points to imitate 
are the fonn, color, and hardness, in order that, like the natural pro¬ 
duct, it may be susceptible of taking a high polish. The form is exactly 
dui)licated by producing an electro from natural coral, and using this 
fonn as a mold in which to pla(« the softened plastic to harden; the 
color may be closely matched by means of litharge and vennilion; 
the hai'dness by a combination of resins with the plastic as explained 
under camidior sid)stitutes. The pigment is ground with the pyroxylin 
before conversion, and after seasoning pieces are wanned and 
molihid, and when dry, polished by a woolen cloth and Venetian 
red, or by ragging with emery powder in an ordinary huffing nia<diine. 
The holes are bored in the coral with !Ui ordinary di'ill after the 
pieces have become cold. 

Black coral (.\ntipathes), the axis of which is more solid, is still 
more higldy prized and may be imitated in a similar manner b> 
substituting lampldack for the pigment, and adding a spirit-sohibk 
nigrosine to give the j(!t polisluid ap])earauc.e. 

Imitation Amber of pyroxylin plastic is extensively used fo: 
the bits of pipe stenns, and (consists of ordinary jilastic containiiif 
yellow to brown dyestuffs, picric acid, ammonium picrate or the sudar 
scries of yidlow, gold and brown dyestuffs being used to impart the 
desired .shade. The dyestuffs arc dissolved in the alcohol added tf 
the camyjlior before conversion of the pyroxylin. In natural amliei 
and other fossil resins appear small translucent or opaque patches 
usually of a lighter color than the resin in amber, due to the crystalliza 
tion of succinic acid. To imitate this appearance, lightcr-colore( 
idastic in small pi(!ces and (tontaining pigments is rolled with the amber 
(iolorcsl sheets. The reason for the tendency of some manufacturers 
products of this m.aterial becoming cloudy progressively after lon< 
si.aiiding has never been satisfactorily explained. 

Imitation Marble from jyyroxylin jdastics isu.sually producec 
by one or the other of the two following-described proce.sses: Ii 
Big. 224 at 1 is shown several pieces of solid pyroxylin dyed witl 
ordinary basic colors, such a.s fuchsine, auramine, methyl blue 
and violets, victoria green, and bismark brown. 2 i^cprcscnts a por 
tion of a sheet formed l)y these pieces by calendering, and 3 a sec 
tion of sheet cut or planed from a block of pyroxylin produced froi 
a number of sheets piled on each other and welded into a home 
geneous mass by heat and pressure. The pyroxylin blocks are firs 

from considerable depths by means of a sort of grappling apparatus dragged afU 
a lioal, llic pieces iieing broken from the bottom by means of weights attaehe 
to the grapplens. In t’liina large spheres of gooii coral command high pricc.s, beiii 
in great rinpiisition for the button of office worn by the mandarins. 
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cut in suitaVile sizes, each color being kej)t separate, the blocks being 
dyed by iinmersioii in an ethyl alcohol or acetic acid solution of the 
dyestuff, the penetration of the color being only superficial. After 
dyeing they are ininiediately placed in the calendering machine until 
they are united. A number of these are then placed in the press, 
and (mt transversely to the sheet surface. Usually the fine thin films 
of (a)loring matter present the appearance of silicate markings separat¬ 
ing the different colors and running in many directions irregularly, 
disappearing at some points and reappearing again, the varied mark¬ 
ing's and the solid colors being mingled with all the infinite variety of 
blending seen in the more highly prized marbles. By a proper selec¬ 
tion of tints in the ilyestuffs used and the size of the pyroxylin blocks 
dyed, imitations of the different variegated marbles are possible. 

To imitate marbles having an alaba.ster-like base with more or 
less transhicence, like mtiriy of the lied Ammonite, Parian, Carrara 



Pin. 221.—Manufacture of Pyroxylin (lomixmnils in Imitation of Mnriilc (Mctlioil 

of Prance). 


and Phrygian marbles, it is desirable to use a proportion of pyroxylin 
jrieces undyed, the translucency being varied by the addition of ])ig- 
ments as in the formation of factitious ivory.' 

1. J. France U.S.P. 00:!,')2fi, 1898. Various limestones and marliles may ire quite 
accurately duplicated in celluloid liy selecting a pattern, either from nature or 
works of reference. {“ History and Uses of Limestone.s and Marhle.s,” S. M. Burnham 
—S. E. Cassino, Boston 1883—contains 48 chromolithographs), the, configurations 
and veinings of which may be enlarged on co-ordinate tiaper by means of the panto¬ 
graph. The shades are prepared by a combination of both pigment ami dyestuff. 
The fonner is required to give the desired opacity and the latter the penetration 
into the lighter-colored celluloid .substance, that a gradual blending from one tone to 
another may occur and the mass be devoid of .sharp lines, indications of artificiality. 
If the plast’ic pieces arc to be colored throughout, as required in the imitation of 
certain (iriotte and English Serpentine limestones, the pigment is mixed with the 
pyroxylin before conversion and the dyestuff with the alcohol used to reduce the 
temperature of conversion. If graining.s only arc desired, the separate plastic 
bhxiks arc either immensed in the dyestuff in solution, or a solution is sprayed 
over the surface, using a quickly penetrating celluloid solvent to dissolve the dye, 
acetone being satisfactory. The dimensions of the integral parts having been 
obtained from the co-ordinate plotted eidargements, they arc cut, matched in 
color, fitted together, and pressure applied for a time varying with the apparent 
original infiltration of metallic salts into the limestone matrix. Permeation of 
color is effected by increa.sing cither the temperature or prc.ssure to the block 
Sheets about -A in. in diameter arc then cut from the combined faces. While 
the preparation of the original block requires much time, skill and patience, a 
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In anothnr method, which has the advantage that a large number 
of sheets of the same ])attern may be obtained, the blocks arc dyed 
as before, but in order to simulate those intricuito markings caused 
in nature by the infdtration of minerals of a colored nature, the blocks 
may be hacked, cracked or otherwise (Tazed before dyeing, that the 
coloring matter may infiltrate into each tiny crevice. By cutting 
a block for a small distance and then breaking the same in two by 
manual force, a jagged and irregular line is formed. The dyestuflf 
shoidd also be dissolved in an (uiergetic celluloid solvent, glacial 
acetic acid being preferable. The, blocks after dyeing are set up in 
any pattern, and slowly pressed into a single mass by gradually increas¬ 
ing pressure and application of the maximum amount of heat. By 
applying the pressure gradually and extending ovc'r a longer period 
the dyestuff is dis.seminated farther into the celluloid masses, and 
form delicate, ret,iculatcd sprig.s, leaves, tendrils and mosses, 
especially in the artificially produced 
cuts and cracks, resulting in that 
softness of tone and harmonious blend¬ 
ing i)resent in the finer marbles. If 
the fai'e of the finished block has a 
series of markings represented by the 
sijuare T in Fig. 220, then throe other 
sheets emt from the same blocdc, repre¬ 
sent,( mI by B, when joined together as 
indiciited, form a pattern of great sym¬ 
metry iuid beauty and one in which the 
ramificat ions of color e.xactly coincide at 
t he joined edges, h'our such sheets m.ay 
be attached by pressure to a thinner 
under transparent sheet, thus forming a]iparently il solid ]iicce of a 
distiiuf pattern, and one that can be many times dupliciited, depend¬ 
ing only on the thickness of the original block. 

Imitation Onyx. While true onyx is a c rvptn-crvst.alli ne vtiriety 
of quartz, consisting of different layers of chalcedony (juartz, onyx 
marble is composed chiefly of calcium carbonate colored by iron and 

* 

satisfactory block havinp been once prepared, say, 12 in. pieces, at least 250 
sheets each ’ 2 V inch diameter may be obtained from a single block, and this makes 
the cost of an individual sheet very mixlerate. The celebrated Klgin marbles from 
the Parthenon; Phigalian marliles from the Temple of Apollo Epicurus, and 
Nuinidian nuirbles and other antifpic limestones from the British Museum, have 
been imitated in this manner, uml used in panel work and for other decorative 
puq^oses. Volterra gypseous alabaster ami stalacinitie alabaster have been imitated 
in this manner, and are superior to the natural product in that: the latter is percept¬ 
ibly soluble in water and so soft as to be readily scratched with the finger nail. 



_I......... 


Ekj. 225.—Showing Metliod of 
Matching Mottled Celluloid 
Sheets (d) in Imitation of 
Marble and Onyx. 
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manganese oxides. The beautiful banding is due to the deposition of 
sueressive layers of calcium carbonate.' Mexican onyx is the name 
given to banded varieties of aragonite found extensively in Tecali, 
Mexico, and Arizona.^ 

J. Stevens and E. Harrison were the firat •’ to describe a practical 
pioccss for the formation of a ])yroxylin composition of artificial 
veined OTiyx, tlieir merthod giving “ the stratified cloud-like markings 
of ])al(! tints with tin; strong yellow or brown cc)lor breaking through 
in a direction o])posed to the trend of the lighter strata.” A mix¬ 
ture of i>jroxylin and suitable solvents in such pro])ortions as to 
form a composition sufficiently soft for mastication in rolls is made, 
the mixture being sei)arate(l into two or more parts before the color 
is added, and corres]K)nding to the number of tints desired in Ihe finished 



1^10. - 20 ,—Tlie Sl(*vcns and Harrison Process for Prodneinj^ Tinil.alion Onyx from 
Pyroxylin Plastics. 

onyx. Each ]rortion is then rolled separately and colored to corresjrond 
with the desired tint of the natural ])roduct to he du])licated. This 
produces crudely convert,ed masses representing as many of the dif¬ 
ferent tints as are to be placed in the completed product. Each 
tinted mass is next roiled into a sheet about \ in. thick and 20-30 in. 
superficial area. The sheets a and h (Fig. 226), are next placed together 

1. xi.s.r. .''i-ifrtfio, ISO.'.. 

2, The successive strata in the typical onyx are l.lack and white, but if one 
of the layers consists of the brown chalcedony known as “sard” or the red variety 
called “carnclian,” the rcsultins stone is termed a “.sardonyx, ” and tliis is imitated 
in plastic by a variation in dyestuffs only. 

li. Rods or tubes may be formed by forcing the freshly rolled product in a mold- 
able condition throush the heated cylinder of a stuffing machine, gradually narrowed 
BO as to constrict the material at the orifice, from which it issues from the nozzle in 
a condition suitable for forming rods or tubes. 
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face to face, and paHsed through the rolls c la such a manner that 
they adhere to one of the rolls as a single mass, and coming round 
meet the last end of the combined superimposed sheet, forming a con¬ 
tinuous mass which is permitted to revolve. When the combination 
of colors is mixed so as to represent the lighter portion of the onyx, 
the mass is stripped from the roll and laid on a flat surface. An imi¬ 
tation of the raw yellow or brown streaks or veins of true onyx is 
])roduced by transversely cutting the flat stratified sheet, regulating 
the shaj)e, oblicjuity of the cut, and closeness of the cut places to each 
other, by the particular sample of natural onyx to be imitated. Into 
these cuts an alcoholic solution of a dyestuff of dark yellow or brown 
color is introduced, the mass being then cut into suitable sizes and 
piled so as to fonii a number of superimposed sheets as shown in Fig. 
227. These are then placed within a cha.se resting on the bed plate 



Fin. ;;27.—Tlic Htevon.s anil llarriann Process for Producing Imitation Onyx from 
Pyroxylin Plastics. 


of !i press, and by means of a iilungcr the plates, when heated, are 
forced into a .solid cake. Ifrom this cake, when cool, sheets may be cut 
by means of a planing or veneering machine as Inis been described. 

Imitation Mosaic.' In that form of natural mosaic consisting 
of ii-regular markings, a pyroxylin imitation may be made in the fol- 
loiving ruumer: The compound is first formed into a number of mas.ses 
which have snuill cross-sectional areas, preferably in the form of 
small sticks (A, Fig. 228). The slabs are either dyed by immersing 
in a dye.stuff dissolved in a fluid which is a solvent of })yroxyIin, or 
else the material is dj’ed throughout during the converting process.^ 
The pieces, which are usually cut to resemble some natural pattern, 
are then welded together into a solid block by heat and pressure. 

1. For “Celluloid Mosaic Imitations,” see Z. Drechsler., lOOfl, 29, 131. 

2. E. Harri.son and C. Thurber, U.S.P. 6021.59, 1898. In compressing masses 
containing geometrical designs, the pressure must be very gradually and evenly 
applied or the forms will lie distorted. The individual mcmfiers comprising 
the design must be ei^ually seasoned, or upon pressing, the softer, less seasoned 
sections will more readily distort. 
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Sheets are then eut from the surfaee of this block, parallel or trans¬ 
verse to the original pieces, or at varying angles to produce pleasing 
effects.' 

In tesserated or Ji'Iorentine niosaic, where the tesserie or individual 
pieces are sinall cubes of one color throughout, the celluloid is dyed 
by ihe addition of color to the alcohol use<l to as.sist convci'sion of the 



l''ic. 2'2K. - The HarrisonanilThurlier Fio. 220,—Pyroxylin Imitalion of Mosaic, 

Method of Producing Pyro.xylin acconliiiK to I Vtiiiee. 

Imitations of Mos;iie. 


l)la.stic. To ruake the shatle more uniform, after dyeing ihe jdasfic 
is rolleil many times through [tressure rolls, seasoned tiiul cut into 
long rods (right parallelo])ipeds). These are fitteil together accord¬ 
ing to some geometrical design, and welileil into a solid mass by the 
usual heat anil pres.sure. In Sectile niosaic imitation, larger irregular 
piecc.s, each of a distinct color, arc accurately fitted t.ogether and 
welded. Graceful flowing patterns, geometrical designs, and picture¬ 
like subjects of great elaboration are possible, and unlike natural 
1. Fig. 220. Process of .1. rraiicc, U.S.P. 010037, 1800. 
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mosaics, once tlie pattern has been established, it may be duplicated 
several hundred times, by planing thin sheets off (about in. thick) 
and stiffening them by a backing of transparent plastic.' Sections 
of mosaics from the Rattle of Isus, found in the “ House of the h'aun” 
have been succ^essfully indtated in l.his manner, iind are examples 
of groat patifuice and art.islic skill. 

Imitation Cloisonne and Champieve Enamel. Cloisonnii is 
the name ai>plied to that form of enamel work produced l)y building 
u)) on a metal surface, small ])artilions {cloisims), usually of co])pcr 
and more rarely of gold, and these partitions divide up the field 
into a numbei' of segments or coinpaTtments, in each of which is after¬ 
ward ])laced coloj'cd enamel. Cham])leve is formed by engraving 
out of a solid metallic matrix small cavatics which are afterward 
filled with the colored Ihi.xcs, the finished article being the same in 
both forms. 

'riu'sc! enamels may be closely imitated with pyroxylin ])lasfics 
by taking a given pattei-n, enlai-ging it ]3antographi(ailly or other- 
wi.se, and fi'om the enlarged drawing, individual pieces of the desired 
sha|)e and color are ])repared as previously described. Sheets of 
lrans])arent celluloid of about 0.01 in. in diameter are taken, and 
ixiwdenxl mel.als and bronzes lightly .sifted on their surface, the metal 
being imiracted into the plastic sheet by heat and jiressure, usually 
by rolling. I'iach colored ])iece of plastic (I'cpresenting the eok)red 
enanu'l ))(n'tion) is fitted entii'cly around with the thin metallie-iiicrusted 
sheet, all being then asseitd)led in conformity with the pattern to 
be du]jlicated. The entire mass is finally softened by heat and pres- 
suie, both b('ing very gradually applied, to form !i single homogeneous 
weld. This block is then planed into thin sheets, the latter being 
formed aroiind a woodem matrix to imitate a vase or other object 
of ai'1, the intricate design ap])earing as a colored pattern separated 
by thin gilt lines (the metallic network in the real enamel), thus 
pi'oducing a striking and pleasing decorative effect 

1. Or the back of tlic plastic may Isi rmiRhcncd toincrca.se adhesion and attached 
to a hacking of wood or .slate by means of shellac dissolved in alcohol containing 
l.")';;^ amyl acelale, with or without the addition of a small amounf. of camphor, 
ffy coloring celluloid, for instance with a blue pigment and dye-stuff, as ultramarine 
iilue and nietliyl(!ue blue, and pre.ssirig in small lamina: of mica or mntlicr-uf-pearl, 
a elo.se re.sernliiaiice to the valualilc mineral known as lapi.s lazuli results, tisiug 
chronic gr(*en pigments anil methyl green dye, and combining sliccts containing 
this with .slieets of celluloid colored black, imitations of malachite, azuritc, 
chrysocolla and otlicr copperKiontaining marliles may be formed. There is hardly 
a inarlile or mosaic pattern whicli cannot be duplicated with great fidelity in 
tills manner, by manipulation of dyestuffs and pigments. 

2, On account of flic ]iresence of the powdered metal, the knife edge.s arc soon 
dulled wlien sheets are planed off. 
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Metallic Incrustations. On account of its extreme pla.sticity 
when warmed, celluloid is an excellent matrix in which to imbed 
pieces of metals, either in the formation of inlaid work, where the 
pieces have an exposure to the air from their su])erficial imbedding, 
or incrustations, where they are completely imbedded in the plastic 
mass. Gold, silver leaf, brtjnzes in thin sheets and colored metallic 
alloys and solid amalgams are cut into strips, stars, bands, leaves, 
spangles and other dainty and small fonns. These particles, mixed 
])romiscuously in the pyroxylin mass, made moldable by heat, 
after cooling jrroduces a very peculiar but beautiful effect. The 
pyroxylin used may be either transparent, or lightly tinted, but 
must bn entil'd}' neutral. The presence of traces of acids dulls the 
colors of the brasses and Vironzes, and tends to green their surface 
from the formation of the copper salts of the liberated acid. Neither 
must, the plastic be notably alkaline, since this will also attack the 
copper-containing bronzes, dull their color, or if the alkali is present 
in larger amounts, turn the brass of a dirty, lusterless brown shade. 
The encrusled plastic may be bent, welded or otherwise formed‘in a 
manner entirely similar to ordinary celluloid.' 

Inlaying Celluloid with Pigment Colors. Raised figures arc 
painted upon a smooth pyroxylin sheet ^ in pigment, slightly softened 
with oil and turpentine or alcohol. When the pigment has become 
dry and indurated from the oxidation of the linseed oil, the sheet is 
heated just sufficiently to soften the surface, which is then passed 
t hrough rolls, the pressure thrusting the hard pigment into the celluloid 
substance. The pattern may be further preserved by rolling a thin 
sheet of celluloid over the pigmented surface as a final operation. 

In addition to the uses already described, jewelry (brooches, chains, 
pins, earrings, CT'osses, medallions, braitelets, and rings), inlaid buttons, 
knife handles, purses, pen and pencil boxes, album and book 
(a)vors, chessmen, checkers, fans,'* spoons and forks,^ insulators,''’ 
storage cells,® packing rings, stop cocks, pistons, .stuffing boxes,^ 

1. C. Paissean-Feil (D.R.P. 22224,S, 1909) produces a silver paint from fi.sh 
scales and collodion, in which the fish scales, before Iwing mixed with the collodion 
or cellulose varnish, or lac, are dehydrated by heating with a liquid, miscible with 
the.se solutions, but not with water, whose boiling point is above 100°. 

2. Nickerson, J.S.(.'.l., 18,S2, 1, 147. 

2. In the more expensive fans, celluloid has been used extensively, especially 
for the ribs. 

4. I’roc(!s.s of M. Lefferts, U.S.P. 235954, 1880. 

5. See E. .Street, U.S.P. 730514, 1903. 

6. See 11. Dey, “ Horseless Age,” 1906, 18, 3, for method of making a storage 
cell out of celluloid sheets. 

7. U.S.P. 184481, 1876, consists of a process for lining bearing.s with celluloid, 
on the principle that small particles of grit would l)ccome imbedded in the plastic 
and not injure the bearing, as in the modern Babbit-metal bearings. It is related 
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corks/ and as covering for ships’ bottoms ® are some of the manifold uses 
to which these plastics have been applied. Their uses are constantly 
multipl 3 fing, and so thorough have the various arts been covered in 
endeavors to introduce pyroxylin plastics, that to-day there is scarcely 
any manufactured material which has been not substituted either 
wholly or in part by celluloid or similar cellulose nitrate containing 
plastic. 

The Manufacture of Collars and Cuffs. At the time of the 
discovery of the cellulose nitrates—from which time all the pyroxylin 
arts date back—the only commercial substitute for an all-linen and 
washable collar or culT, was an article made either of embossed paper 
or paper as a backing, covered on the exposed surface with cheap 
muslin or cotton goods glued to the paper. Such collars and cuffs 
were—so far as the market of the world went—the only substitute 
for a linen collar and cuff which was at all satisfactory. Unsuc¬ 
cessful attempts had been made to make such articles from steel 
and rubber with paper facing.® Barnwell and Rollason^ suggested 
that pyroxylin (iompounds might be used for coating paper for this 
purpose. The first attempts to apply pyroxylin as a coating material 
for collars and cuffs, and thus introduce the waterproofing effects 
of the cellulose nitrates, consisted in either painting a piece of textile 
material with the liquid pyroxylin or by the formation of a film on 
some smooth surface, usually glass, which, when dry or nearly so, 

that an engine fitted with such bearings made a trip from New York to San Fran¬ 
cisco to demonstrate the feasibility of the patent. 

1, Method of llagcmann consists in uniting finely ground cork with an et.her- 
alcohol pyroxylin solution and drying, the product being called “subrit.” “Cellu¬ 
loid Starch'' is the trade name for a brand of starch, and, of course, contains no 
cellulose nitrate. 

2. Current literature contains the statement that celluloid sheets applied to 
.ships’ bottoms will effectually prevent the attachment of barnacles and .sea-weed. 

;i W. Hunt (U.S.P. 11376. 1<S51) made collars of fabric compo.sed of both 
paper and cloth, by enameling and varnishing. (Reissues 1S2,S, IKfl'i; 1S07, 1S0.5; 
1U27, 136.',, 2306,'2307, 1866 ; 5106, 1872.) W. Lockwood (U.S.R. 23771, 1S.59) 
embosscii ladies’ cuffs and collars in imitation of linen; J. Barton (U.S.P. 526,59, 
1866) made a collar by pasting muslin on a paper backing. G. Ray (U.S.P. 48239, 
1865) made a distinct advance by dissolving an ounce of guncotton in a half-pint 
I'ach of alcohol and ether, pouring on a glass plate and allowing to dry. A .solu¬ 
tion of gelatin in water was then placeil over the plate, paper next applied and 
the pajicr, gelatin and pyroxylin film stripped off the glass and cut into the collar 
and eulf fonns. Other U. S. P.atents arc L. Ucitz, 113272, 1871; 133969, 1872; 
N. .Tones, 136735, 1873; J. Broekawny, 133736, 133737, 1871; U. O. Smith, 
1,50722, 1874; F. Greening, 17299,5. 1876; F.P. 110571, 1875; A. Pitman, 174000, 
174001, 174003, 172486, 173999, 1876; 190:163, 1877; C. E. Ensign, 10972,5, 1870; 
L. Crane, ,58223, 1866; I. Post, 126760, 1873; Wm Smith, reissue R-3014, June 
20, 1868. The following English Patents are, representative of the development 
of the art in that country: A. Newton, 13,542, 1861; J. A. Cutting, 1638, 1854; 
L. Comides, 745 18.55; A. Job and E. Tomlinson, 1074,185,5; T. Hcnly and 1). Spill, 
Jr., 2649, 1870; L. Bunn, 13713, 1851; A. Granger, 2140, 1861; P. Berard, 607, 
1856; 1883, 1884, 1857; 639, 1858. 

4. E.P. 945, 18.59 ; 2249, 1860; A. Rollason, E.P. 2349, 2849, 1858. 
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was caused to adhere to a paper or cloth backing. In practicing the 
first of these methods, it was found impossible to get a sufficiently 
thick, even and smooth coating of material, and with the second method 
it was difficult to obtain a film or sheet of pyroxylin free from bubbles 
or airholes, which formed recesses for the lodgment of dirt, the film 
being of uncertain and varying thickness. While not apparent at 
first thought, the difficulties to be ovecome were enormou.s and may 
briefly be stated as follows: It was not .alone necessary to imitate 
the appearance of a starched linen fabiic, but its thickness, strength, 
weight, color, resiliency, stiffness and flexibility all must be more, 
or less closely approximated in the article to be produced. Even 
the sense of touch had to be taken into coi.sideration, for no one 
would have worn an article made of oilcloth or ste('l, which would 
have been cold and unpleasant to the touch. Further and beyond 
all these requirements it was absolutely essential thiit the article 
.sliould be capable of being produced commercially in any desired 
quantity, with the regularity, certainty and precision which must 
be attained before any article can truly be said to be capable of suc¬ 
cessful commercial manufacture. And lastly, the article had to be 
waterproof, capable of being washed clean when soiled and produced 
at a sufficiently low price to enable it to compete in quality with a 
linen collar on the one hand and in cost with a })aper collar on the 
other. The production of such a collar or cuff awaited the manufact ure 
of celluloid in sheets, which was the first, step toward solution of tin; 
problem. The sheets as manufactured were even, firm, capable of 
being made in any color, free from impurities and adapted to I'eccive 
any impression.^ in the shape of imitation stitches. The imparting 
of proper strength to all the necessary j)oint.s of the.se sheets was the 
requiiement for a successful collar or cuff. Tt remained for U. H. 
and A. A. Sanborn and C. 0. Kanouse to endjody in tangible and 
practical form this idea, which had ijerhajr.s vaguely floated through 
the minds of others, patent protection being granted to them on 
Mar, .5, 1878.’ All processes befoi’e this were tentative, \'isionary 
and more or less impracticable. These inventors produced a collar 
or cuff which might be worn a long time, easily renovated for con¬ 
tinuous weal', and thus dispeitse with the services of the laundei-er, 
by producing them of celluloid or other forms of pyroxylin material. 
Between two thin .sheets of celluloid was placed a thin sheet of muslin, 
linen or other textile fabric to give increased body, elasticity and 
strength to the whole. The celluloid sheets and inner matcriid 
was submitted to suitable ])ressurc with heat, thus thoroughly 
1. U.S.P. 200939, 1878. 
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incorporating them into one body.* A serious defect was soon 
discovered in that the edges obtained from cutting out the three 
sheets (two of celluloid and one of inner textile backing) made a 
“ raw ” edge, which soon frayed, Sanborn 2 to overcome this made 
the interlining A and face D (Fig. 230), of the same size, but 
cemented together, and made so much larger than the size required, 
that the edges could be turned back over the interlining for a distance 
of a half inch or so, thus making in addition, a reinforcement at a point 
having considerable wear. The back or lining of celluloid was then 
cemented to the interlining and to the turned-over edges. In older 
to impart greater strength and durability, fine wire cloth was, for a 




I'ln. 230.—Sanborn’s Method of Forming Celluloid Collars and CiifT.s. 

time, placed between the celluloid facing.s in place of the textile 3 
(Fig. 280), but wa.s afterward abandoned on account of the tendency 
of the wire to discolor the collar or cuff. The cuffs were first stamped 
out w'lh a die,^ while the collars were creased, bent and shaped by 
means of the (hry machine (Fig. 231).® Difficulty was experienced 
in making the tab (small flap of collar which is attached to shiit in 
front, Fig. 233) at such acute angles as desirable, on account of the 
great liability of cracking at the junction of the tab and the collar. 

1. Were any pores to exist in the finished goods, at the first attempt to wash 
them they would fill with dirt which would be impossible to remove The fabric 
would then present a specked and generally objectionable appearance. It was 
impossible to remove the bubbles and irregularities of the pyroxylin-film collars 
because pyroxylin without camphor or similar .solid solvent does not impart plastic¬ 
ity, and it wonlil be impossible t,o soften the film by heat after once becoming dry. 

2. U.S.P. 221>I77, 1S70. 

3. (1. Kaiiouse and A. .Sanboni, U.S.P. 22038B, 1879. 

4. A. Sanborn, U.S.I’. 233S7S, 1880. 

5. E. Cary, U.S.P. 253001, 1882. 
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These difficulties were ovcrcoiuc by the use of detachable tabs * which 
were made up separately and cemented to the collar body. To stregthen 
the folds in pyroxylin collars, a fabric, composed of libers imbedded 
between and in two sheets of pyroxylin was used, being waterproof 
on both sides, yet sufficiently thin (being little if any thicker than the 
sheets of pyroxylin alone on account of the fibers always running 
in the same direction) to have the required flexibility cortrbined wh.h 
the necessary strength.^ In order to increa.se the white appearance 
of the fitrished cuff, Hyatt used a backing or filling of a blue tint 
instead of w'hite, as Irad been customary up to that time. To fonu 
a hem, a-: irr rratrrral linen collars, and to increase the resistance at the 



I'lo. 231.—The Cary Machine fcir Creasinf:, BciKliiif! anil Shaping Uelluloid Collars. 

edges, the edges of the face port.ion were turned over on the back of 
itself and cemerrtod dowrr, makirtg a lierrr and a back of the same 
material.^ 

While the collars and cuffs made at this time w'cre fairly satis¬ 
factory in body, many comidaints were ntade as to lack of strength 
along the edges and especially around the buttonholes. The objec- 

1. A. Sanborn, U.S.P. 25S1.S0, 1SS2. \ .saving in the cost of manufacture 

in this proce.HS is possible by using the small clii)ping.s for the tabs, which other¬ 
wise would lie lost or sohl at a reduced price as waste. Thi.s process ditfers from 
that of S. Hauftnan (U.S.l*, 83SI13, ISfilt) only in that it relates to collars m.ade 
wholly of celluloid. 

2. .1. McClelland, U.S.P, 27M!i:i, ISSti. 

3. 1. S. Hvatt, T'.S.P. 2701118, 1S83. l)i.sclaim,s invention granted to P. .Aiili. 
(U.S.P. M7.'i,S,S, 1S7I). 

4. A. Sanborn, U.S.P. 2881155, 1883. Cf. .1. ]0d.son, U.S.P. 280240, 280241, 
280242, 1883. 
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tion to many of the previous methods was that it stiffened the fabric 
too much if the stiffening agent was sufficiently strong to be effective, 
and rendered buttonmg very difficult. To overcome thb, E. Kipper ‘ 
interposed a piece of membranous ^ material (Fig. 232), about the 
buttonholes, the exterior layers of plastic remaining as before.® While 
such a buttonhole is efficient, an objectionable feature is the noise or 



Fig. 232.—The Kipper Celluloid Collar or Cuff.. 


rattle occasioned at the buttonhole by the contact of the sleeve or 
collar button with the hard pyrox 3 din material. J. Jarvis ^ was able 
to overcome this by providing the collar or cuff with an opening larger 
than the buttonhole desired, and uniting to the article about the 
opening, a piece of textile material containing the buttonhole proper, 
the latter being lociited within the opening and separated from the 
edges by a flexible body of textile material. This places in the open¬ 
ing of the stiff collar or cuff the buttonhole in such a maiinei' that the 
fabric only is manipulated by the fingers in buttoning and unbutton¬ 
ing, thus decreasing the noise or sna]) and also the liability of split¬ 
ting, ci'acking, breaking or rupturing the collar or cuff substance 
(Fig. 233). J. France''' obtainwl best re.sults using tanned calf 



Fig. 233.—The Jarvis C’ulluloid C'ollai- or (’ufF, 


or sheep-kin for the flexible material for buttoidioles, or “ chamois 
leather or undre.ssod kid. (daiming the latter is less liable to discolora¬ 
tion by jierspiration. In ISbO there was issued to J. Hi'att, the dis¬ 
coverer of celluloid, a .series of Fnited States Patents which embraced 
important, iupirovements in plastic cuff and collar manufacture. 
Hyatt found that if two or more sheets of woven vegetable fabrics 
be united by a .solvent of ccllulo.se, the resulting fabric will have (he 

1. tl.S.P. 322720, l,S,Sr). 

2. Such .s.s skill, hlaililcr, ccl-skiii, variou.s kinds of fish skin, ‘‘goldbeater'sskin " 
Old similar substances 

3. K. Kipper, II.,S.P. 330S3S, ISSo. 

4. U.S.I>. 343!K)3, 18S(i. 

5. U.S.P. 41S7S7, IStlO. 

0. Sec applications U. S, Serial No. 2!).V’.0I. filed .Tan. 3, 18(^9. 
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requisite stifl'iiess of stiu'clicd f>oo(ls, file united surfiires being eon- 
verted intrO vegetable jrarehnient without injuring seriously the natural 
apjiearanee of a fine woven fatnie upon the exterior surfaee. If, 
however, the entire subst.anee of the two sheets be parehnientizcd, 
the exterior woulil be readily penetrable by water in eleansing, and 
would beeoine wrinkled when dr\'. Therefore he parehmentized 
oidy partially, and upon the adjacent sides where the jiieces of fabric 
are joined together, the outer side of each layer retaining its original 
fiorous character. liy then applying a suitable jiyroxyliu vainish 
to both exterior sides, the w'ateiproofing effect is obtained.* In this 
maimer, it was clainied, the collar toidc on a starched appearance anil 
feel. 

By using zinc chloride and sul])huric acid - as the cellulose sol¬ 
vent, and dammar, copal, or gutta iiercha with pyroxylin for the 
outer varnish, the cost of manufacture was considerably lowered. 
In order to obviate the noi.se caused by the rattling of the cuff button 
shank in the large cuff holes ■* the buttonholes are set at a greater 
distance apart upon one end of the cuff than upon the other. When 
the ends of the cuff are overlapped, therefore, the buttonholes do not 
entirely coincide, and the introduction of the button or stud through 
such holes tends to crowd certain of the buttonholes laterally, and 
the cuff in reacting exerts a lateral lu’cssurc upon the button or stud 
shank. The latter is thus grippfid in the buttonhole, and the cuff 
effectually prevented from rattling uiton the stud.-* (hig. 2111.) 'To 
still further reduce the Cost, the use of basswood veneei' about O.OOl in. 
thick for the interlining was tried,-’ but soon abandoned. In .still 
another method *’ the edges and esp(!cially buttonhohis are rein{orc<;d 
by a combination of caoutchouc and pyroxylin ground together in 
calender rolls, and then subsecpiently treated, as by vulcanization," 
the material being know'u as ])ara-pyroxyliti, and wdnm dissolvesl, as 
“Arlington plastic.” Until about ISS.o nearly all the imitation and 
other linen collars were the high o]’ straight x’ariety' as distinguished 
from the winged or turndown kind. When these came into favor, 
difficulty in preventing cracking in the fold of the wings was found. 

1. U.S.I*. -ll'.rj.W, IStlO. M. Frieillanclcr and I’. Tuolihcn (K.P. 2S.")t7, ItHIlli 
provides linen and the like -with a washahli^ coating in which celluloid and a small 
(juantity of while wax are dis.solved in a .suitaliio .solvent, such as acetone, and tlie 
solution is applied to the material by any convenient method. The solvent is then 
allowed to evaporate, leaving a wa»iial>lc coating which docs not crack. 

2. J. llvutt, U.S.P. ISDl). 

;!. J. Hyatt, U.S.P. tl'rdOO, IS(K). 

4. J. Hvatt, U.S.P. 41!)2(i:t, IsitO. 

,'■) .1, Ilyatl, n.S.P. 41!12.")f), 41112(12, 42:i:ilK, ISDO. 

(i. ,1. Prance, II.S.P. I2IS(1(), PSIII 

7. Sec application tiled Mar. 27, l.SSll, Hej-ial No. 304958. 
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It is customary among those wearing this style of collar to attach 
it to the button at the back of the neck anti then raise the fold to per¬ 
mit the insertion of the band of the nock tic, the collar being then 
turned down and buttoned in front, after which the necktie is adjustetl. 
In the usual method of manufacture where this style of collar has 
either been formed from a single sheet or piece, or composed of two 
sheets cemented together and cut to the right size, and then folded 
to the required shape by the application of heat along the line of fold, 
it is impossible to many tiimw raise them from the band in order to 
insert the necktie without cra(ddng the collar .along the line of fold. 
France ovcicanie this * by preparing the collar of two sheets of [jj'roxylin 



I’m. 2:D.—Tlie Hyatt Non-RaHlint; Celluloid Cuff. 


ni.atcriil (Fig. 2dG), the two separ.ate sections being secured together 
at the folding, by a nimdi thinner layer, high in pvro.xylin, and which 
had the additional tensile strength and elasticity due to the thinne.ss 
of the [dastic. Ki|)|ier and Jarvis have called attention to the fact- 
th.at inasmuch as the plastic sheets attached as e.xteriors to these 
collars and cuffs seldom exceed ().f)2 in. in thickness, any irrcgidarities 
in the cutting surface, or im])erfcction of the kiiile used in the slieet- 
ing—as for instance catised by adhesion to the knife of a speck of 
dirt or scra]t of metal—may a])preciably alter the thi(d\ness of the 
sheet at a specified ])oint, and hence introduce a line of weakness. 
In order to obviate this ]>ossibility, they use a series (jf sheets (I'ig. 


1. U.S.P. 4'.’,)12tl, IS'tU. 


2. U.S.1’. 425679, l.SUO. 
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235), cementing one upon the other, and preferably at different angles, 
thus breaking up the parallelism of the strata and incorporating the 
laminae just as when a single sheet is used. As an improvement on 
the old rubber enameled collar of Pease,! ^nd in order to combine 



Fig. 2li5.— The Kipper & Jarvis Celluloid Collar or Cuff. 

the greater elasticity of rubber with the tensile strength of pyro.vylin, 
the latter in thin sheets (O.OOd-O.OOS in. in thickness) arc attached 
to a thin rubber sheet, and this used for the e.-iterior and intcrioi' 
collar and cuff material.'^ 



Fig. 2J6.—Waterproof Collar, according to France. 

A process for manufacturing shirt bosoms of p 3 ’ro,\ylin plastic 
as perfected by Hyatt'* consists in treating long strips of fabric, jirel- 
erably of muslin, with a cellulose solvent by passing the muslin between 

1. U.S.P. 3S122, 1803. 

2. Sec II.S.P. 418787, 421S6U, 42412U, ISUU. 

3. J. Hyatt, U.S.P. 430787, 1890. 
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two rolls, “ powdered cellulose ” being sprinkled on the surface to 
increase the starched effect. Webs of paper, one on each side of the 
muslin interlining, are then attached, both sides of the paper being 
rendered waterproof with a pyroxylin solution. The shirt front 
forms are then cut out and reinforced in the usual manner. All 
paper collars are more or less permeable by moisture, even when 
a pyroxylin varnish has been applied to their exterior. In the earlier 
])aj)er collars, however, the exterior layers of paper were cemented 
to i,he inner muslin backing by gelatin, mucilage, or paste, so that 
when moisture did ])enPttato the paper substance, the entire collar 
\va.s disintegrated on accotint of the moisture dissolving the paste 
which joined the several collar layers. .1. Hyatt* overcame this 
defect by cementing the pai)er layers and muslin with an adhesive 
insoluble in water - .so that if the water did .somewhat soften and pene¬ 
trate the outer water-repellant layer, the inner portioti would still 
hold together intact. In that manner he was able to produce jiaper 
collars and cidls which woidd stand several washings before it was 
neces.sary to discard them. To jiroduce a reversible collar or cuff,-’* 
a caije (Fig. 237) may be attached, which can be made to jrroject from 
either longitudinal edge of the collar, thus ])ermilting it to be reversed 
when occasion denuinds. The cape, of tiny textile fabric, is cemented 
at or adjacent, to the center of the collar by means of an auxiliary 
.strip of pyroxylin jdastic, idaced along, .and projecting beyond the 
edges of the attaching fabric.-* If it is desired to imprint the imita¬ 
tion ai-t.iclc with a desii-('d pattern—in imit.ation both as to design 
and color of the li7ien nr percale .shirt,s collars, and cuffs riow so extenss 
ively woi-n, the following-'* method may be used. To a ba.se sheet 

I. U.S.P. tltt’Cl, ISitO. 

-g. Set- U.S.l’. Serial -27().Mf), 2!M)7()4, IS.SS. 

:i. K. Ki])i)er, tl.S.l’. :W.S2.S7. IS.S.S. 

r>. S(“c IJ.S. Srrial 1885. 

4. J. Franco, LI.8.I’. ;ini!7i4, 1888. The British Xylonite Co. (K.P. 7738, 1887; 
abst. J.S.C.l., 1887, (>, 551)) have devised a process for manufacturing stripetl 
or lin(‘d xylonite or celluloid, for collars and cuffs, by supcrpo.sing in snrtalde order 
a niiiulx'r of sheets of pyroxylin plastic of varying colors rciiuired in the fabric, 
compacting the shoots into a solid block by combined heat and pressure, and then 
cutting the block into sheets at right angles to the strata. In the C. Brady process 
(U.S.P. 4()!KU5, 1881)) a flat sheet of pyroxylin of any desired thickness is taken 
and subjected to the .action of cold rolls (prefi'rably of copper) whieli arc engraved 
in the dihsired design, taking care that the engniving of the pattern shall be shallow, 
and the pattern a light and open one, so as not to carry too much ink. After tlie 
sheets are iinpres.sed with a printing ink of the desired color, they are subjected 
to th(‘ action of steam by placing a numlMir of them, one at a time, in a steam box 
so arranged that each sheet is expost'd on all sides. The amount of steam should 
preferaldy Ixi from 3-7 lb. per square inch, the sheets being subjected to this action 
from five to twenty-five minutes. The exact degree of steam per square inch and 
the amount of time the sheets are to be exposed are vaneil according to the amount 
of seasoning the plastic has previously undergone, .\ftcr being subjected to the 
steam pressure, each sheet has Injcomc warped and wrinkled. They are finally sulv 
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of eelluloid having a thickness of about 0.021 in., is cemented anoilior 
sheet of about ().(K)r> in. in diameter, and of any desired coloi'. Upon 
the face of a steel die is cut in relief the patliOrn to be formed, such 
as wide or narrow .stripes, rings, polka dots, anchors, etc., Ibe height 
of such relief being O.OOG in., or a very little greater than the thick¬ 
ness of the upper .sheet of celluloid. This die is placed upon the upiier 
or colored celluloid sheet, face downward. Upon the back of this a 



second sheet of zinc is laid, and two other cemented celluloid surfaces 
imposed upon it, and this building up of layers in this manner con¬ 
tinued until a number of series have been ju'ei'uired. Heat to about 
7.0-8,>” is then applied together with pressure, the sheets after cool¬ 
ing being removed from the press. It will be found that the dyes 
have formed an intaglio ])att,orn exactly the reverse of that on their 

jeeted to a smoothing process liy being passed tliroiigh heated rolls which further 
imlicds the pattern into the yielding mass, when, after drying, they are iinlelihlc and 
especially applicable fur the manufacture of plastic cuffs and shirt bosoms. 
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faces?, the intaglio being in the thinner colored celluloid sheet. The 
coloi’od sheet is then scraped or removed to a depth of 0.005 in., leav¬ 
ing the surl'iice of the thicker sheet nearly even with the pattern appear¬ 
ing on it. The latter sheet is then placed between muslin or linen 
and pressure applied, when the surface takes on the exact imitation 
of the text ure of the fabric. 

One of the greatest difficulties encountered in producing collars 
and cuffs in large quantities was the tendency of the webs of pyroxylin 
when delivered by the nianufacturer to warp or buckle by reason 
of unequal contraction. It is almost impossible to prevent this, 
stri(?tly s])eaking, a celluloid without volatile solvents being unknown. 
Unless remedied, this contraction continues for a long tinie.i Of 
the many devi(?es patented to overcome this, that of (1. (loldsmith 
and A. Merrill 2 has been largely \ised. It is a machine designed for 

1. U,S.!'., .'SO.Wg!), 18!)3. 

2. It is iiivivrialily found that when placed upon a plane surface the web or 
sheet will touch that surface at only a few points. This is not the case inunediately 
upon the conipletion of the nianufacttire of the sheet ])yroxylin, hut, within a short 
t une after, and continues .so at all times thereafter. Another defect of sheet pyroxy¬ 
lin as delivt'Tcd by the inanufaettirer is due to the peculiarities of the manner of 
niakinn it. Sheets or webs of pyroxylin compound are cut from blocks or cylinders 
whih' thi'y are in a Ki'(!en or semi-plastic .state, in about the same manner in 
which V neer is cul from woollen blocks or rylinders, i.e., by taking shavings from 
such blocks or cylinders by means of sharp cutting blades. It then occurs that 
by reiihon of the uneiiual density of the material, the cutting edge does not take 
hold of the material with the same ease throughout its whole width, and at the 
jilaces where greater resistance is met with l.iy the cutting edge, the sheet becomes 
wrinkled. These wrinkles remain in the sheet after the material has become solid¬ 
ified and iK'Come mori- pronounced in the course of solidification. In con,sef|uence, 
when sheet (lyroxylin is received by tbe manufacturer of shirt coiiars the material, 
or as it is ti ehnicaily called, the “stock. ’’ is invariaoly warped, buckled and wrinkled. 
This condition causes eonsideralile trouble in the cutting out of collars, and thi.s 
is one reason wdiy it, has beri'tofore been found inpiraetieable to cut eoilans of that 
iiiateriai from w'ebs upon the so-eailed “interlocking |)rineipk', ” wdiieh is coiiimoiily 
liraitieed in the maiiufaetiire of paper collars, and which has been found to offer 
giea' advantages both as respects the ease of manipulation and the saving of material. 
The ei.ttiiie of collars upon the interlocking principle reiniires that a strip or 
web, haling a width eiiiial to the w'idcst part of the coiiars plus the narrowest 
part of the same, with parallei straight edges, be fed intermittently under suitably 
shaped cutters, which split the strip upon ol)lii|ue lines, marking olT both the narrow¬ 
est and the widest parts of two collars, the narrow iiart of one collar corresponding 
to the wide part, of the other. In this split condition the stri|) or web has to be 
farther fed through the machine and the next cut made must join the first cut 
without perceptible break or kink in the line of the cut. This is easily effecbsl 
in till' case of paper collars, since a paper web has practically no war|i or buckle, 
and whatever ti'ace. nf waq) there may be in the paper, is laid down sufficiently 
widl by tbe feed rollers between whicb the paper passes to the cutters. When 
this practice is attempted ipion pyro.xylin .stock, it is found th,at by reason of the 
warped condition of t.lie strip or web, the feed rollers often advance one edge faster 
than the other so that the strip is not presented to the cutters in the proper position 
to start with, and that at, the next .succeeding feed for the continuation of the first 
cut, the stock is presented to the cutters in a slightly different manner from that 
in which the first part, had been presented, so that the .second cut ihais not imper¬ 
ceptibly merge into the first, but either leaves a gap or a kink in thi' line of the cut, 
wherel.'y the collars arc spoiled. For those reasons it has heretofore been found 
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cutting pyroxylin collars from a web upon the interlocking principle, 
being a combitiation of suitably shaped cutters and web feeding 
devices, with a heated table which supports the web under tension 
on its way to the cutters. A feeding device for dragging the web 
over the surface, healing still with tension, sl.raightens the plastic 
out so that accurate fonns may bo ra{)idly cut. An ingenious apparatus^ 
lias been devised for thickening and protecting the edges of collars 
and culTs, by applying pasty pyroxylin composition in a layer of uni- 
fonn width and thiidiuess along the edge in imitation of a hem. The 
apjiaratus conpirises a tool provided with a gauge channel supplied 
with Ihe composition, the edge of the article being drawn through 
the channel. The amount of pyroxylin deposited can be varied to 
suit. 

In all collars and cuffs a small amount of tatstor oil, about 15-20^,1(, 
of 1he weight of jiyroxylin, is added to give a slight feeling of pliability. 
Tlie white color is im])artcd by means of a sine or magnesium salt, 
usually the carljiwiatp, lead carbonate or other lead salt being unsuitalile 
on account of darkening from the sulphur com])ounds in the persirii'a- 
tion. Where the plastic contaiirs a large amount of pigment, the 
waterproofing effect is m.aterially decreased so that a certain porosity 
residts, which is ap])arent on attem})1ing to ch'an sucli a collar, wlien 
it will be found that particles of dirt, have become so imbedded in the 
plastic mass as t.o be removable with difiiculty, if at all. 

In the finer grade of collars, each individual strand of the linen 
can apparently be seen, .and this de(5eption is made possible by the 
following process. A linen collar which has never been ironed, and 
in which the fibei's .arc most conspi(aiou.s, is .spread out on-a zinc plate, 
and from it is made a plaster cast or electrotype. This produces 
with great fidelify l)oth the stitching of the seams, the weft and weave 
of the linen and flu! textun; of the fabric. A similar cast is taken of 
the under side of tire collar, and from these casts, type metal molds 
.arc madi! in the usual manner. The sheet celluloid cut to the proirer 
size and shape is laid on one of these itrolds, heat and pressure applied, 
which forces the .softened plastic into the mo.st minute configurations 
of the jrlatc. When the mold has cooled, the flat collar is taken out 
and shaped as previously described. The high gloss is imparted by 
|)assing through heated rollers in a similar manner to the collar iron- 

imprfvct.icalilc to cut pyroxylin collars upon the interlocking principle from strips 
or webs, and the practice has been to cut them from wide sheets, which were piled 
upoq each other, then forcibly compressed, and then stamped out with suitable 
enttinc dies, which produced a dozen or more collars at one cut, but which did 
not admit of tl)e practice of the interlocking principle, and therefore caused a con¬ 
siderable waste of material. 

1. J. Hyatt, U.S.1>. 4.W333, 1S91. 
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ing mac^liinos used in laundries. -The degree of gloss is governed in 
a groat measuie by the smoothness of the rollers, being more resplen¬ 
dent as the latter ai'e more highly polished. 

The Manufacture of Pyroxylin Plastic Combs on a satisfactory 
ba.sis, may be said to have eommeiu^ed in bS7S, in which year protec¬ 
tion was given ,1. Hyatt' for a ju'ocess of preparing celluloid combs, 
in which nearly all the ju'evious defects found in wood, horn, rub¬ 
ber and metal combs were satisfactorily overcome. Pi'eviou.s to 
this time, combs had been jiiade of |)yro\ylin, but had been cither 
too bi'ittle, non-elastic or e.vcessively ]iliant. Thus a comb made 
ol wood, besides being liable (o waip, does not jjossess the reejuisite 
siren,gth for its ])uri)Ose, and becomes unsanitaiy when allowed to 
remain coated with oil or damjjened by water; horn is liable to slive r 
or Iriiy on the edges of its l(>elh; metal will oxidize and rust in con- 
lact- with water, while hard rubber is ofi.en brittle, strongly electric, 
ami does not retain its flexibility at- a low tempeiature. On the 
other hand celluloid has been found to ])osscss many valuable pro))- 
eriies which admirably ada]>t it to construction of such dcvice.s as 
combs. Thus celhdoid is easily mohhsl and stamped when warm, 
.;.ud after cooling j'ctains the contour which it, received when warm. 
It is not affected by cold, but retains its lle.xibility and elasticity at 
any climatic temix'i'at ure. Is much stronger and less fiangible than 
wood, hard rubber or hoin. lighter than metal, unaffected by oil or 
water, and ca|)able of taking a very high polish. The ])yro.xylin 
sui'face is not harsh to the skin, and tlu' teeth are seldom fi'actured 
by bending or by falling from a great lu'ight. None of the materials 
above nunitioned pro<luces a comb of .so ni.'iny excidlcnt (jualities and 
inherent sipjerioi-ities as a comb made of celluloid. 

In Hyatt’s ju'oeess, a .stri|) of cellutoid is first formed which, in 
tran-vci'se section, ai)|)rovimates to that of the comb. The strip 
is Hit imo iiieces of the desired hmgth, each coated with a suitable 
solution or liibi'icnnt which will enable it to be separated from anv 
I'orous material, when it is placed in tlu' cavity of a metal die shaped 
to foi'iii the comb blank. The hitler is lined with porous and absorbent 
material, the )iur|iose of which is to absorb or allow the escape of the 
vapor liberated in the jilastic by the contained solvents. The die 
and contents are then placed in a cylinder, which is then closed and 
filled with hot oil or glycerol, or the cylinder lieated by means of a 
steam jacket,. Pressure is brought to bear on the die, thus causing 
the plastic material within it to a sumc the form of the comb Vdank. 
While still under pressure, cold water is admitted to- the cylinder 
1. U.S.P. 199909, 1S7.S. 
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to liurden the plastic, when the blank is ready to be formed into a 
comb.’ In a subsequent process^ the entire comb is completed in a 




Km. 238.—Celluloid Comb Manufacture, according to Hyatt. 

single operation by placing a rod of the jilastic material in the groove 
(I (Figs. 23S, 230, 210, 241), when small pieces representing teeth (4) are 



Fig. 230.—Celluloid Comb Manufacture, according to Hyatt. 


inserted into each of the matrices, the ends of the jiieces of teeth being 
brought in contact with the rod previously inserted, llv now closing the 

1. U.S.P. 2!lil3.S(l, ISS4. With horn, much time is necessary to scrape it and 
prepare it for the teeth. These arc cut in by .sawing the hottow horn through to 
the center, the sawed pieces then being cut. olT to the right length, the eond) boiled 
in water, warmed over a Hanie and then ptaccit on a warm l)lock anil flattened 
out. Then follows broadening, pressing, scraping, iiolishing and other o[X’rations, 
all of which are unnecessary with celhdoid. 

2. J. Hyatt, U.S.I’. 2!l(i:i'.)0, ISS-l. In a later process (K.P. ;H!I,H2, 1002) the 
nitrocellulose is made plastic by amyl aci'tate and camphor, the mixture being 
then incorporated mechanically with an isomer of cellulose, such as starch, flour, 
dextrin or gum, jircviously gelatinized by heating with water. 
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(He and applyinf;; heat and pvesauro, Ihc aniall pieces weld to the rod to 
form a complete cond). Upon the removal of the comb from the 
die, it may be polished on a bullinf!: wheel or otherwise finished to 
complete it for the mark(!t. Anothei' method of jxdishing is to buff 
on a raggiuf! wheel with woolen cloths containing trijjoli, or by rid)bing 



Fig. ' 240.—tV'lliiloiil t^onib Mauufxicturc, accoriUng (o Hyatt. 

on a woolen-coveted woodtm wheel, the celluloid being ki'jif hard and 
cool by comstaiit dripping of water on the surface being polished. 

In the process of making combs devised by .1. Hackenberg ‘ 
designed especiidly for the ornamentation of artificial tortoi.se shell, 
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Fig. 211.--Hyatt’s Process for Miinufactiiring Celluloid Combs. 

blocks or platt's of different-coloied (elluloid strips (Fig. 242) are 
arranged ticcording to the designs desired to be produced, by cutting 
small pieces transversely from the block.s oi' plates. These arc cemented 

1. TI.S.P. fiO'irilfi, 1!K)2. Ill tlic ]iroccss for manufacturing combs as patented 
(F.P. 407S4(i, IttOt!) by Soc. Imlustritdic dc Celluloid, tile celluloid is mixed with 
maltodcxtrin', ohtaiuod from tlic fci inciitaliou of dextrin by the aid of malt. Rcforc 
being added to the celluloid, the maltodcxtrin is ))rcfcrably neutralized by the 
addition of a suitable amount of a weak alkali, such as borax, and the water separated 
by evaporation. 
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t-of^ethnr into strijiH nv liaiuls as sliown, wtiich are then eeinentcd 
to the article to be oriiaiuented, the latter being finally molded into 
proper ahape by heat. It is evident, that by the exercise of sufficitnil, 
ingenuity the number and intricacy of dc,signs may be multiplied 
indefinitely, and therefore the ])rocess is capable of wide a]j])lication. 
In the drawings, 1, is a front elevation of a <'elhdoid comb ornamented 
accordingto I his invention; 2, a plat,e formed of anumber of differentlv 
colored strips of celluloid cemente<l together; 2, a stri]) cut transversely 
from said i)late at right angles thereto; 1 repre.sents similar strijis cut 
at an olilique angle from said plate; 5 and (1, narrow separating pieces 
of celluloid l.hat are interposed between said strijis and cemented 



Fm. 212.—Afaniifactiirc of CclUitoiil .trtieW (Il.'ickcntic’i^'s Patent). 


to them; 7, a )u'rs])ective view of a recttingtthir block of celluloid 
formed of differently colored longititditial ])ieces; .S, small jtieces of 
celhtloitl cut transversely front saiil block; (J, an end view of one of 
the separating .strips of celluloid which are intcrjto.sed between the 
so-ornamented pieces cut from the block and cementeil to it, and 
It), an ornamental Vtand or strip formed of the stjuare jtieces and 
seitarating .stri])s cemented together for use in ornamenting the 
celluloid articles. 

The strijts a of differently colored celluloid of vtirying widths are 
cut from the plates of celluloid of uniform thickne.ss anti then cementeil 
together at their si(le.s by means of a celluloid cement at ordintiry 
temperature, so as to form either phites B or blocks C, as shown 
in 2 and 7. I'hom the plate B narrow si,rips 7) are cut at right 
angles to the body or oblitpiely on the dotted lines in 2, so that 
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ornamental strips or hands D arc obtained, as shown in d and 4. 
These are eonnceted witli each othei' by cementing together either 
directly or by interposing the narrow separating strii)s c, as shown 
in 5 and 6, between them or by arranging ihcm in zigzag or other 
relative ])osition toward each other, as shown in 1. When the 
blocks C are cut into thin ]rlates or pieces transversely to their long¬ 
itudinal axes, the individual ])ieccs or jilates / have the same geo¬ 
metrical ornamentation that is formed by the arrangement of the sti'ips 
forming the block, the ])liites or i)ieces being cemented together 
diioctly 01 - with intei'inediatc separating pieces /', so as to form 
the continuous band or strips F. (Shown in 10.) By suitably 
grou])ing and cementing together strips or bands cut from the plate 
Vf and block C any desired geometrical design of a mosaic appearance 
is obtained. These dllTerent strips or bands are then c(>inented together 
and to the blank of the body to be, ornamented- - in the ca.se of a comb 
at the headpiece and of a na])kin ring at the edge. The thus-orna¬ 
mented celluloid lilank for combs or napkin rings is then healed and 
molded into the shaiJe ropuired for use. 

In mounting jewels such as rhine.stones in celluloid, recesses are 
formed in the plastic and the stones secured in the.se pockets by a 
pu'oxylin lacquer as cement, or metal ])ocke1s or stri]is of ])ocke1s 
are secured to celhdoid and the stoiu's mounted in these ])ocke1s. 
Ornamental strijjs of metal are also imbedded in celluloid and riveted 
in ])lacc. In the process of M. Brown* a new method of mounting 
stones ill jilastics is described 
which is illustrated in Fig. 2415. 

.\ comb .1 of celluloid is shown 
with mounted rhine.stones there¬ 
in, in which a slight recess C' is 
first formed for each stone, the 
recesses lieiiig slightly smaller 
than the dimensions of the stone 

to be mounted. Aft.er the recess has been formed, the celluloid in 
and around it is softened by heat, and the stones imbedded in the 
yielding phustic, which, as it cools, contracts and holds the stones. 
It is evident that the essence of this invention may be applied to 
mounting many other kinds of materials in a yielding plastic surface 
which contracts slightly upon cooling. 

Manufacture of Brushes. The firet operation in the formation 
of celluloid brushes is the, seeming of the bristles to the brush stock, 
and this is done by inserting the bristles into a perforated block or 
1. U.S.P. 714447, 1002. 



Fio. 243.—Mounting Stones in Celluloid. 
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templet (.4 in Fig. 244), the perforations being arranged in the same 
manner as the tufts are fo stand in the stock of the completed brush. 
The holder is then applied to the brush slock il, the holes of which 


1 



Fi(i. 244.—M.mufacturc of Celluloid Brushes. 

arc filled with a celluloid cemc'nt. The bristles ai'e forced to the 
base of the sockefs, and the holder allowed to remain in ])lace until 
Ihe cement has hai'dened from evaporation of the solvents, when .the 
latter is withdrawn, leaving the bristles properly secured in plaie.* 




Fig. 24,').—The Miller Method of Celluloid Tooth nru.sh Manufacture. 


In the manufacture of tooth and nail brushes,- a die or mold is 
generally used in which the plastic material is subjected to tin; heat 

1. I. & J. Hyatt, TTS.P. 1503.5,'), 1S71; for method of producing the usual unequal 
length of bristles in each tuft, see original patent. 

2. H. Miller, U.S.P. 345983, 1886. 
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and pressure necessary in order to give the product the desired form. 
The metliod is best understood by reference to Fig. 245, in which 
1 is the inner face of the upi)er .section of the mold, and 2, the inner 
face of the bottom section, 3 being a vertical longitudinal section 
of the two parts of the mold in position. In forming the brush back, 
a plain strip of celluloid is jdaced in the matrix G, the section A being 
arranged over it, when the whole is given form by pressure between 
heated surfaces. The bristles are secured in the poeket.s / by means 
of wire in the customary way, after which narrow strips of celluloid 
are introduced into the grooves to fill the wire, the whole being welded 
into a single mass by heat and pressure. It is evident that the wiie 



Eio. 2U).—The Miller Celluhml Jtrii.',Ii. 


will be invisablc only in opaque brushes. More recently, tooth and 
nail brushes of trausparmit material have been introduced on the 
market in which the wire is ('iitirely absent, tlu'se brushes being i)ro- 
duced, it is stated, by means of very expensive and complicated 
machinery. 

H. Miller’s process was intended primarily for tlie .attachment of 
ornamental metal trimmings to celluloid bnishes. In order to do 
this, a ‘‘brush shell ” a.s it is technically called (.1 in Fig. 24{5)—in 
which the bristles have been inserted—is covered with a semisolid 
celluloid composition in order to fasten rigidly the bristles with a water- 
I)roofing layer.' After drying, the upper half of the brush shell (C), 
comirosed of a molded pyro.xylin ])lastic, is securely attached to 
1. U.S.P. 605185, ISOS. 
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tHe lower half by a layer of pyroxylin nenient, the parts being 
further united by pressure. The inetallie trimming, in the shape 
of a thin ornamented silver sheet, is applied to the upper surface, 
when by heat and ]>ressure the under celluloid is softened and takes 
the form of the ornamented .silver sheet, thu.s forming a .solid, water¬ 
proof ba(:k with metallic cxterioi'. 

The value of brushes made of celluloid by the above-described 
method.s is that, unlike wood or any other matei'ial, there is no loss 
of bristles wlum diunj). Celluloid hairs have been used instead of 
brhtles, but are too costly to coni))ete successfully with natural hair. 

Celluloid Mirrors and Mirror Backsd A great nuuiy attcmpls 
have been made to replace glass with a Oexible and unbreakable 
substitute, but as yet. without success, except for veiw limited uses, 
as in autoniol)ili' screens. ('. Ko\'l devised a proi'css of ])i'epariug 
a mirmr by silvering a highly jiolished celhdoid sheei,- which .illho\igh 
satisfactory foi' the particular >ise lor which it was designed,'* has never 
been used commei'i'ially for hand mirrors. The inh('rent defect in 
all silvered pyroxylin sheets is proneness to distortion of the image, 
and (lifhculty in depositing a rellecting film that will not peel.* In 
the manufacture of mirror l)acks from ccdlidoid, thin blanks of plastic 
matei'ial arc welded hy means of heat ami jiressiire upon the sides 
and edges of a core of less expensive ma,terial which has a .seat foi' the 
mirror. In tliis manner a mirror back is pi'oduccd having thi! dcsiiahlc 
characteristics of one made wholly of celhdoid, hut less expensive, 
and which can he made niorc rapidly.''* Mirror backs made of cclhi- 

1. See Knyl, “('clliili)iil Mirrors," Uliliuurs W. 1.. (i, ,")0. 

U.S.t’. hlHKtti. t'f. ]■;, Kipijcr iuid ,1. I'Mson, U.S U, ISSI. 

It. ItisliCad of a glass reflector in a piO'al>o]i(; semaphore (U.S.i’. liSlP.iO, Isssi, 
To increase tlic refiecting surface, llie sniuolh sheet was double corrugali'i! with 
wave surfaces. See I'.S.l*. dlO.V.IS, 1SS!I. 

■1. Instead of celluloid, an ''luiiorplious cellidiise” called " lainodine,” prepared 
acnording to U.S.I’. gblilST, 1SS2, it is claimed, couM be u.sed. 

.t. II. Milli'r, U.S 1’. (I'JbidO. bS'.Ml; for [jroleeting surfaces ol glass during manu- 
fiK'lure into mirrors, while not entirely ue('es.sary, it is advisahle during the beveling 
and siibs<'(|ueut ])roeesses, to proteet llie highly pulishe.l surface In be silvered 
from injury thnmgli haudliug and e\f>osure 1.0 the atniosplu're. While paint will 
adhere to ghi.ss, it is diffieidl to remove it from a higlily polishi'd surface willioul 
scratcliiipg frcjin the grit and sand in the pigment. 'I'liis may l)e oveicome liy 
applying a coating (o the polished surface of a jircfcraljly lilack color (as it enal>le.s 
the workmen to oliserve wlien till! Iiovolod glasses arc prop<'rly finislied) over wliicli 
a protective lac<|ucr sliould lie laid in order to insure perfect waterproof condiliim. 
Tile lacquer recommended consists of resin (as dammar or copal) II, pyrox'ylin 1, 
mixed solvent (methyl alcohol, acetate and acetone) II parts. ,1. France (F.S.I’. 
478H.)1, IXiri) avoided the presence of a line or stripe of a dilTereiit color from the 
exterior of tlie mirror liack, caused during the molding and pre.ssing nperaliiin liv 
the outflow of tlie composition liase at tiie miler joint or seam, liy liaving (lie liaok 
conipo.scd of a single sheui of plaslic and a strip of the same material around Itii' 
edge. .Ice also U-.S. .Serial No. Id‘2.5.S(i, hied May 11, bsilg. For de.scription am! 
illustration of a die for making mirror, medallion, and similar backs of pyroxylin 
plastic, see H. Miller, U.S.P. GlOtiHO, 18!)8. 
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loid in this manner do not crack or break when subjected to suddei 
atmospheric changes, are impervious to moisture, and not liable tc 
shrink or warp.^ ^ Celluloid may be silvered ^ by immersing for seventy- 
five minutes in a bath of 50 parts potassium tartrate solution (5^ 
aqueous) and 50 parts silver solution (silver nitrate 100, ammoniun: 
hydroxide 55, water to 1,000) and 1,000 parts water. The silverec 
articles may be afterward nickeled or gilded. To make the sheets 
niore pliable small amounts of methyl or ethyl sebacatc may be added 

Depo.siting Metallic Gold and Silver on Celluloid as described 
by L. Schwob and G. Dilette ‘ consists in plunging the pyroxylin 
sheets into a bath of plating solution for one and one-half hours, 
the bath being made uj) as follows: 50 gin. sodium potassium tar¬ 
trate (Hochelle salt) is dissolved in 1 1. water; 100 fnn. silver nitrate 
and 55 gm, annnonia (strength not stated) are added to 1 1. water; tin 
plating solution consists of 50 gin. of each in 1 1. of water. The silvei- 
coated sheets arc then [ilaisal in an ordinary gold- or nickel-idatiiq 
hath and metal deposited ('lectrolyt-ically. After plating, the spaci 
on which it- is desired any design to aiijicar ® is covered with a protective 
varnish and the excess of silver removeil liy means of dilute nitric oi 
hydrocyanic acid. The varnish is now removed by a solvent, and tin 
details of the design are worked in reimusse work. Tlic ])ortion.' 
of the design which are not t.o be gilded are again covered with 
varnish and gold dejiosited electrolytically on the exposed surfaces 
of the silver, the varnish lieing again removed. If a iiortion of the 
silver is to be oxidized, the remainder is covered with varnish and the 
articles immersed in a weak liath of ammonium sulphide. 

Dental Plates and Cliches. .1, McClelland, a dentist himself, 
])rodnced the first dental plate of collodion,^ but tlu're, was so much 
ether and alcohol in the formula he used that the warpage and dis¬ 
tortion were .so great the plate would not comfortalily fit the ])atient’.'- 
moulh, even after the gieat-est care had been exercised in obtaining 
an accurat-e cast- of the roof of the mouth. L. Streeter, another 
dentist, tried to remedy this distortion by veneering the collodion 
on a dental plate of other material,^ but it was soon found that t-ht 

]. II. Miller, U.S.l’. iitaO.S'i, l-SSti; ,1. Ilyiilt, U.S.i*. 2.S(i.Ml, l,S.S;t, ‘iMclallK 
Reinforcing of Ccllntoid Mirror Hack." 

2. H. Miller, li.S.H. ,')U2S77, l.Stt7, “ Con.strnction of Cellnlonl Mirror Back.’ 
For” manufacture of cellufoiil mirrors, see H. Scliwob anil Cl. lleliei-t-Uillette, F.l’ 



sec .'St utiling, Z. Hiirslen., IS'.W. 17, 177. 

4. F.P. tioltOOI, HK).j; alist. J S.t’.l., I'.IOti, 2.5, 32^. 
,5. Hcliwo!) amt Dilelt-c, I'.P. 304,57)0, IttOO. 

6. U.H.P. 77304, l.SKS. 

7. V.IS.1'. SS228, ISOU. 
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thin pyroxylin film hecame detached during the process of mastica¬ 
tion, and that particles of food were prone to lodge under it. He 
next tried to oven^ome the shrinkage ^ by the use of large amounts 
of zinc white and other jiignients, in the ])ropoi'tion of pyroxylin 
240, wax .)0, zinc white 30, and coloring matter. Still having trouble 
in shrinkage of the dental i)late during idimiiialion of all traces of 
solvent, the next stej) was to place the plate in a die^ and keep it there 
until all the solvent had dissipated. Hut a die made to fit accurately 
each individual's mouth wa.s entirely too cxjjensive. During all this 
time the art was gradually growing, for by repeated failures, sugg<;s- 
tions came to ot her people.'^ 

The first .satisfactory dental jdates were made by Hyatt by means 
of a stuffing machine and a camidior-ccnitaining plastic, tin; stuffing 
machine consisting of a cylinder which at one end tapered down to 
a nuzzle having a half-inch oiifice. This nozzle wa.s sui'rounded by 
a jacket for about S in. of it.s length which was filled with oil, heated 
by a gas jet. The other end of the cylinder was fitted with a cap 
through which a screw ran, on the end of which was the jiistun. The 
plastic was jjlaced in this cylinder, the piston inserted and the cap 
screwed on. I’ressure was applied by twisting the sennv with a lever, 
which forced the material through a heated nozzle. The dental 
])late molds were siu'ewed on the end of this nozz.lc, after having pre¬ 
viously been heated on a stove.* The matei'ial forced into these 
molds was removed from them in the shape of the ordinary dental 
plate blank, after the molds had cooled.® Hy means of. the more 
modern stuffing machines described elsewhere in this work, but with 
e.ssentially the above principle, dental plates of pyroxylin-plastic are 
being made in large quantities at the present time.® 

]. U.S.P. S,S2()0, ISf.!). 

2. U..S.1’. H(t2,j:{, LSliU. 

3. IJ.S.I*. 8l)2o4, 173S().^, 1S7(), unsucco.ssful fittciiipts to j)r()dnc(' a dental 

plate of shellac, the ptyalin of the saliva dissolving the shellac. 1522:12, 1S71, 
J. Hyatt's method; 114242, 1H71, in which the camphor is exi)ell(Hl liy loii^ heat¬ 
ing, on the supposition that it im]iarted a disagreeable' taster to the plali*. 

4. The molds were heateil in a furnace until about as hot as a flatiron used in 
ironing clothes, or heated to that degree that spittle wlien ajiplief] with tlio finger 
will give a hissing sound. Water was added to the original mixture of campimr 
aiul alcohol to separate the alcohol from the camjihor by ils superior aflinity fm' 
the alcohol. The removal of tliis watf'r was often tedious, and when moisture 
was present it wouhl be showm by steaming when passing through the stufTer 
If HO, the dental plate lacked strength, enirnliled, and had 1o be run through the 
StufTer several times. See U.S.P. 115055, 121522. 1S71, for inetliod of molding 
dental plates. 

5. The Albany Denial Plate ('o , formeil at that time, has been in continuous 
active existence and is to-day producing in Albany, N. Y., celluloid dental plates. 

6. It is stated that celluloid <lentul plates are colored with cinnabar, a mercuric 
.suli)hide. The literature contains slati'ments of salivation and other symptoms 
of mercurial poisoning as having been traced to the mercury jjresent in the red 



CELLULOID AND THE PYROXYLIN PLASTICS 


721 


The exact impression of the gums and jaw is made by the usual 
plaster of pans method, the negative thus obtained being used for the 
preparation of the ]jlatos. In making these plates the celluloid is heated 
until plastic, then finnly pressed upon the plaster cast Iry mechanical 
means, whole it remains liefoie removal until the plastic and east 
have cooled. D. Lichtenlicrg-Madson ’ uses a s))ecial kind of celluloid 
which contains about 70',;, nitrocellulose, camphor and o% 

resinous oil, from which the negative is stamped. The negative thus 
olitained is uscil as the matrix for the stamping of another celluloid 
plate, no tendem^y to adhere when pressed t'ogotlior lieing exjierienced, 
so it is claimed. The latter (ilate contains dd-uO' camphor, in which 
an impression of the original is obtained. Autotype cliches repro¬ 
ducing the fine linos of the net may thus be obtained in celluloid. 
The antiseptic and jicrfumcd dental composition of J,. Eilberston- 
consists of a nitrocellulose base combined with sodium bicarbonate, 
salol, iodoform, and essence of rose, and is used for temporary tooth 
fillings. It would require considerable essence of rose or other per- 
iuiue to mask ciffectually the taste and smell of iodoform. 

Pyroxylin Plastics in Surgery,'^ D. (ihiulamita in Revue 
d’Orthopcdi(! has shown the advantages which pyroxylin plastii's have 
over plaster of paris, steel, wt)od and the other rigid materials, in con¬ 
structing pro])osed pennaneiit and immovable corset,s (u.sod in the surg¬ 
ical sense of a band to supijort the trunk) in those surgical comj)lica- 
tions in which it is iieces.sary to support accurately the parts for a 
considerable period. Celluloid may be used in portable orthopedic 
appaiatus either as plates or fluid solutions. 'I’hc plates, first rec¬ 
ommended by Wiaii, arc little used at the present time on account 
of the difficulty in molding them accurately to take the form of the 
all'cctod part, and it must be evident that any support which docs 
net fit accurately is ])ractically valueless, and often dangerous. The 
[iropci’ adjustment of plastic plates also reijuircs somewhat complicatctl 

coloring mailer in denial plates. The author has examined several dental plates 
of C('llnloi(l, in whicli no mercury was found. The puik color may In- produced 
hy the use of lh(; “azo” organic dyestuffs, which are insoluble in water, unaffected 
by weak alkalis and onzyinc.s anil have no marked pliysioloKieal action. ,1. Dixon, 
U.S.l’. tiOSol'i, ISttS, has patented a celluloid press and vulcanizer. 

1. E.P. '.’.'i.'iin, ISlIil. See also .1 Sehmidtinj:, U.S.P. 72.'),S7!I, lilllli, for process 
of making clichds in high relief with gelatin negative, sensitized with alcoholic 
silver nitrate, dried, treated with hydrogen sulphide, swollen with water, electro 
Itlated, gelatin removed, cast taken and a celluloid itriiiting surface made from 
the cast. 

2 . U.S.P. S2."i2f)S, ItItHi; E.l'. 1447.7, ItKItl. For celluloid cliches see Archiv., 
1,S7U, 1(1, 222 . 

3. For the application of celluloid in the manufacture of clielies, see Jannin, 
Technol., ISW), 40, 2(11; Iniftr., LSSO, 17, 107; Archiv., 1SSI), 17, 211. 243, 24.5; 
flew. 111. Wurt., LSSO, 32, 310; J. f. lluchdr., ISSO, 47, GOO; Printer, ISSU, 1, 7S; 
Lorsch., J. Buchdr., 1001, 08, 70; Z. Reprod., 1001, 3, 77. 
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apparatus for their comfortalile fitting. The solutions introduced by 
Landei'ce and Kii'sch arc more often em])loye(l, the celluloid being 
dissolved (])referably in acetone), in which antise])tic^ gauze bandages 
are soaked, and used to cover the models. 'J'he value of all orthopedic 
ajiparalus depending on the accuracy with which every portion of 
the contour of the body is duplicated, and esjjecially intlained por¬ 
tions or the articulations, an accurate model is the first rcsiuisite. 
The method of forming the cast or negative model depends upon the 
fulcrum or jioint u])ou which the base is to rest. If the corset is to 
reach to the armpits the patient is raised by the apiiaratus of Hayre. 
a ribbon of zinc is wound around the truidv of the body a number of 
times, and made rigid by tilling in the interstices of the zinc bands 
with moist jilaster. When the phuster has hanhuied the corset thus 
made is cut into halves, the edges adjusted, and the wlioh- covered 
with muslin when the corset is fini.shcd. Latitude for abilominal 
and thoracic breathing must, of course, be ])rovided where the lungs 
are involved. Care must be taken in the formation of the model, 
that the disejised parts are given the minimum j)ressure by a proper 
distribution of the ixiints of sui)])ort, the latter usually being the 
bones of the hijis, ktiees, and feet. 

When the model is finished it is placed in a vettical positioti, 
plaster poured into it, and after hardetiing, the outer negative is cut 
away, leavitig a jxjsitivt' model, the counterpait. of the jiatient’s body. 
The surface is jjolished and the dimetisions corresponding to tlu) 
diseased port-iotis of the body carebilly verified. A thin coating of 
gypsum may be laid on the parts corresponding to the stomach and 
chest of the corset to give a little play, and when the model is dry it 
is covered with the celluloid .solution. 

If the ])atie.nt is to have a tricot ' or .stockinet beneath the apparatus, 
the model is first rovoi’cd with an clastic cotton fabric and of almost 
imi)ermcable linen, to pi'cvent the tiicot adhering to the moist cellu¬ 
loid. Then a knitted fabric is stretched over the model, and the cel¬ 
luloid solution (strength about lt)-2.')', by weight and de])en(ling 
on the viscosity) is ap])lied with a rag or brush, the meshes of the; 
cloth being entirely filled. Anothci ' layer of knitted cloth is then 
stretched over this, filled with celluloid, and this superposition con¬ 
tinued until the desired rigidity is obtained. I'sually d-lO mm. is of 
sufficient thickness. It is ]ireferal)lc to allow the coi'set to rliy at a 
modei'ate degree of heat in -order to obviate any temhuicy to buckle 
and distort. When perfe<dly dry it is cut into two or more portions 
and aj)plied to the body of the jjatient. 'ITie use of celluloirl is 
1. A knitted fabric of woolen, silk, etc. 
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silver nitrate, dried, treated with hydrogen sulphide, swollen with water, electro 
Itlated, gelatin removed, cast taken and a celluloid itriiiting surface made from 
the cast. 

2 . U.S.P. S2."i2f)S, ItItHi; E.l'. 1447.7, ItKItl. For celluloid cliches see Archiv., 
1,S7U, 1(1, 222 . 

3. For the application of celluloid in the manufacture of clielies, see Jannin, 
Technol., ISW), 40, 2(11; Iniftr., LSSO, 17, 107; Archiv., 1SSI), 17, 211. 243, 24.5; 
flew. 111. Wurt., LSSO, 32, 310; J. f. lluchdr., ISSO, 47, GOO; Printer, ISSU, 1, 7S; 
Lorsch., J. Buchdr., 1001, 08, 70; Z. Reprod., 1001, 3, 77. 
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A. Hafely and J. Redlofsen,' in which the celluloid sheet, either ])lain 
or einhossoil, is laid face down across a heated die {!) in Fig. 217), 
with the wooden or other baediing on to]). 
'Phe hacking and celluloid aie forced into the 
die, which turns up the celluloid edges and 
fastens them linnly to the backing. The 
projecting edges are then turned down by 
means of any suitable hand in.strument, and 
the operation is com])lete. If the celluloid 
contivins no backing, it is cemented by means 
of a ])yroxylin lacquer. If it contains ii 
backing of paper or mu.slin, glue is used as 
the adhesive. If the ])hi,stic has been em¬ 
bossed, felting or other soft cushion F, is 
l)laceil within the die to ])revent injury or obliteration of the em¬ 
bossing. 

Golf Balls of Celluloid. A golf ball, as is well known, is re(iuired 
to have a ceilain diameter, and at the siime time a given weight and 
degree of elasticity. 'Phe weight must idso be distributed uniforndy 
throughout the mass, or the ball when hit will not (ly ti'ue, but have a 
tendency to curve or sail, and thus im])air the accuiacy of the stroke. 
One of the inherent objections to guttai)orcha balls is their natural 
dark color, which limits their whiteness to the ])aint on their surface. 
As soon as this is removed by use the ball is i)raclically woithless 
for accurate work, or is so nearly the color of the grass and ground as 
to be easily lost in play. The natural softness of gutta ))ercha, or 
the excessive brittleness whem too highly vulcanized, renilei's a large 
irercentage of nianufactured bidls unsultal)le. I’ure celhdoid has been 
used to cover a core of other materiid or to fonu the core itself pro¬ 
vided with a covering of other )uateri:d; but the juanufacture of 
such golf balls is more or less irregular and complicateii, esjrecially 
in one of the os.sential ])roi)erties—))redetermined diiuneter. It has 
been found that the specific gravity of it solid pyioxylin ball is too 
great, as it interferes with its ciirrying pi'opeities and ])r('sents too 
wide a variation from the lighter-weight balls to whicdi ])layei-s have 
become accustomed. In order to overcome these objections - celhdoid 
or sindlar jjlastic in the soft, uncured state is taken, and roughly 
formed into a ball of about the weight desii'cil in the finished ]u'oduct. 
The soft ball is then sea.soned until it has an outer skin or rind of fairly 
hard material of about I in. in thickness, the interior of the ball .still 

]. U.S.r. .'■>0.1402. ]S0:{; .\. Ilafcly, ILS.P. tSSOliO, 1K02. 

2. Process of J. Stevens an.l C. Tiiurher, lt.,S.It 713108, PJ02. 



Fir,. 247.—The llafely 
Metlioii of Making ('(4- 
liitoiil llo.xes. 
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remaining in the unseasoned condition. Tlie ball Ls then locked 
in a die or chamber, and the die heated uniformly, preferably by 
steam. The effect of l.hi.s treatment is to vaporize and hence expand 
the li(juid solvents in (tie interior of the ball, thus creating an internal 
pressure which swells the mass of material so that, it fills and takes 
the im]>ression of ttio die and at the same time creates a ymrous interior 
in t.hc ball. The objhvt of the seasomid exterior shell is to prevent 
the escape of mo.st of the solvent and the formation of surface bltstem. 
A plastic celluloid should be used whicli does not depend upon the 
litluid solvent foi’ its mold:d)Ie properties.' The ball is removed from 
the di(> and furthoi- seasoned by exposure to the atmosphere, until 
it is i-educed to the dcsireil weight,.^ The successive steps are shown 
in Fig. 248. 



Fig. 24S.—Thu Stevens & Thurlier Proccs.9 tor MakiiiK ('clliilnid Colt Balls. 


In the r. de Hiiren proce.ss a ball of the prescribed diameter 
(lO-L'inim.) and proper weight (10-15 gm.) is jiroduced by first forming 
a homogeneous hollow spheie liaving a composition of celluloid 70, 

1. Thn pyroicylin poinpomK] containing camphor is best, since it will readily 
softc-n and s\V4‘ll nnd<‘r U(‘at and the (“xpansive prt*ss\ire of its internal gaw'S, no 
nintb'r lu)w hanl tlie ouler shell or rind of Ihe l)all is dried. The period of drying 
and lormalion of thi.s Iiiird »‘\terior .shell can he varieil according to the softness 
of ilie material or the amount of licjiiid solvent it. i.s ilesired to retain and utilize 
in ilie ii t. lior of the ball. As the non-shrinkable condition of the liall is improved 
}>y this preliminary hard<‘ning, it should bo earned as far as possible without inter¬ 
fering with tlie subvsetjuent expan-siou of the liijuitl solvents contained in tiie interior 
of the Imll. By hoMing the ball under heat for a sullicient length of time a largo 
part of the expanded solvent wdll gradualiy find its way through the celluloid and 
e,scape by means of vents in the di(\ lieeausi* c(‘lluloiil under pressure will permit 
11 j(‘ passage of a moderate amount of solvent without blistering. 

2. In ca.ses when* the op(‘rator through lack of juilgmcnt in the preliminary 
ffinnalion of the oiiti'r hardened shell cannot be depended on to make a l)ail which 
will remain round after leaving the die, it may 1)C formed a trifle larger than the 
siz{* required, as the l)ali can be turned or molded to the riglil size after it is seasoned. 
Ify vaiying the lengtli of the seasonifig piwA'.ss and hcncc tlie amount of volatile 
solvents contained in the mass, it is possible to so control the specific gnvvity of 
the ball that it may float, or sink in wat.(T A low Iwiling point solvent, like ether 
or wood alcohol, is be.st., becauw it volatiliz(‘s at comparatively low temperature.s, 
and hence expands mon* readily ni)on t he application of heat. 

3. U.S.P. 7SG313, 11)05; see also process of E. Kempshall, E.B. 2052, 1002. 
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and a mixture of lead (‘arlxiiiate mid sulphate 30, by wei^ilu ; 10-lo ffm, 
of this mixture is [xmred in the usual manner into a mold to form a 
hollow sphere, the outer edges of which may be plain, corrugated, or 
sti'iated.' 

Celluloid Billiard Balls. In aildition to the processes described 
under “(toating Articles with (telluloid” some of which are applicable 
for the manufacture of solid spherical bodies, may bo mentioned the 
“ Hyatt Gun Method,” as described by J. Hyatt, in U.S.P. 239792 



Fin. 24n.—Tlic “ llyalt Ctun MetluKl” of Celluloid Billiard Ball Manufacture. 

of 1S81. The novelty of the jmicoss consists in the application of heat 
and pressure through the medium of a liquid, no die or mold being 
required, the material being protected only by means of a rulibtu- 
bag in which it is iuclo.sod. In the formation of billiard balls (see 
Fig. 219) a mass of round jdastic is inclo.sed in a rubber bag which 
is inserted in the vessel, the ojtening F being closed. 3'he water 
or other liquid is then admitted, and steam let into the jacket H. 
When the desired tejnperature has been reached, hydraulic ju'e.ssure 
is applied, exerts itself equally on all sides and the round mass is [tressed 
into a hard ball, the heat causing the traces of solvtnit in the ball to 

1. For maiiufactun! of celliiloiil yting pong tialls. with excellent cuts of fonn- 
ing press, .see J. Misko, Am. Mach., 11)02. 2.i, ItitH). 



CELLULOID AND THE PYROXYLIN PLASTICS 


727 


volatilize. Water or other cooling agent is finally introduced and 
after the ball i.s cooled it may be dried, sea.soned, and finished by turn¬ 
ing or othoiTvise. The amount of pressure employed varied from 2,000- 
4,000 lb. per sq.in., according to the nature of the material to be molded.* 
With the method of producing hollow balls, according to Hunffiu.s,^ 
a number of hemispherical projections are stamped by means of a die 
in a sheet of celluloid, wjieti by means of another die the fiat portion 
of the resulting sheet is removed, leaving the hemispheres ready 
to be joined into balls.® I^arge numbers'of “parlor tennis” and 
“ ping i>ong ” balls have Ireen made in this way. 

Celluloid “Stays. An objection to a large number of the materials 
used in the manufacture of corset stays and analogous articles used 
in wearing apparel as stiffening or supporting agents is that it becomes 
necessary to remove the stay before washing in order to prevent its 
injury by water or soap, as in metallic siqjports, while kid-tipped 
stays are absorbent and unhygienic, and whalebone loses its resiliency 
after a time. The above objections do not apply to celluloid stays, 
whether, made from metal efficiently waterproofed, or solid cc.lluloid 
strips. Thin strijes of steel reinforced at the ends with celluloid, 
the entire mass Ireing finally enveloi)ed in a transparent celluloid 
sheet by combined heat and i)r('ssure, are considered the most satis¬ 
factory and durable. The jirovious tii)ping with celluloid removes 
possibility of the .sharj) met.al wearing through the plastic covering 
and c itting into the cloth.'* 

Celluloid Trays and Dishes. As an example of a general and 
satisfactory nuithod, that of (I 'riiurber and (!. Schaefer may be 
mentioned. All kinds of trays, disluw, or other receptacles may be 
made of celluloid by this method, whether ornamented or not. A 
blank of celluloid intended to be worked into a tray (A in Fig. 2.00) 
is ])laced in the die and pressed as shi)wn. It is advisable to cut 
th(! outer edge of the sheet flaring, as the preliminary definement 
of the edge eliminat.es subsc<ptent funning or trimming, and adds 
to the ornate appearance of the flaring rim. The die or mold is heaterl 
either before insertion of the blank or by steam attachment, pressure 

1. Hyatt's test for roturulity .nt\d lumioKi'tioity of .structure in a hillianl l)all 
was to float, tlie l)all on (try, clean incieury. To he satisfactory, a hall must stanil 
motionli'ss in the mercury, irrespective of how it is turned. 

2. lO.P. 1007,b l.S!)2, 

fl. U.S. Cu.stoms DcTisions of .\pr. lil), Iflli:!, on hollow halls made of cellnloid 
wliicli weri^ as.sesseil for duty under |>.'irasrapli 17 of the TarilT .Xct at flu cents 
per H). .and ad valorem as “ mamifaelnred pyroxylin.” Tlie Hoard, follow¬ 
ing a previous decision, lieh! tliat they were m fact toys, and, as such, were .specifi¬ 
cally piovided for in paraKrajili l.f at do'!,', ad valoriMii. 

4. “ Process of t'elluloid Stay Manufacture,” M. Lefl'erls, U.S.P. 2dS027, 1S.S1. 

5. U.S.P. 542152, 1S<J5. 
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iip])liH(l and the l)lank left until cool. By varying the shape and edge 
of the blank, various llutings, corrugations, scallojjs, and serrations 
may be made, to add t.o the l)eanty of the design. All manner of 
card and j)in trays, ash receivers, and small recej)ta(de.s may be made 
by diversificat.ions of this general method. 





Ei(i. 2.")() —Forming (VlUiloid ArticlcB ('I’lio Tlmrlwr & .Schaefer I’rocesa). 

Manufacture of Celluloid Dolls. In the manufacture of dolls, 
cither in oru- ])iec(' or articulated, each member is prepared by mold¬ 
ing ’ so that the celluloid ai)pcars on the surface, the sections being 
fastened together by wire. Aftei' molding, the heads have a glazed 
lo(dc, more iwembling those of crockery or (diina dolls. This gloss 
is removed by rul)bing with fine pumice stone, which gives the features 
a more natural and fiesh-like api)eai'ance. If the eyebrows and lines 



Fm. 2.’)1.—The Carpenter Process of Necking Celluloid Tiiljcs. 


indicating the hair have been put on before the pumice is used, the 
hair lines will often be rnbbed off by the attiition of the powder; or 
if the lines are put on after the surface has been abraded, they may 
show rough and uneven. To remedy this,^ fine incisions may be 
made in the surface for the hair lines by means of a sharp-pointed 
knife held at an obli(|ue angle from the doll's face, and into the incisions 
the coloring matter representing the hair and eyebrows is worked. 

2. W. Tarpontor, TT.S.P. 235932, 1880. 


]. M. T.cTDrts, r.S.P. 237550. 1881. 
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This is usually a finely divided pigment in a fusel oil solution of a resin, 
as dammar or copal, and must be a non-solvent of celluloid but must 
harden when dry. The surface may then be pumiced and tinted until 
it takes on “ the natural bloom of health and beauty.” 

In necking or contracting celluloid tubes * at certain points, 
where the material is to be used for dolls’ heads and two dolls are to 
be molded from one tube, the center between them is first reduced 
for the neck of the doll. The impoitaiit part of the method consists 
in appliances used to pi-event the wrinkling or folding over of the tube 
at the j)oint of contiaction as shown ii> Fig. 251. 

The lube is softened by heating, usually by plunging it into hot 
water, when a taper mandrel, U, is put inside of it anil an elastic 
clamp, V, is put about it, which tends to contract the tube. The 
jiiaiidrel neai'ly fills the tube where the clamp encircles it, and this 
prevents the wriidiling of the celluloid under the strong pressure 
of the clamp. As the material contracts under the clami) the man- 
dri'l is gradually drawn out, bringing a smaller part under the clamj), 
allowing of the further contraction required without wrinkling. This 
is of great importance, as a wrinkle once made cannot be worked 
out, and the goods are therefore si>oiled. K. Strandfuss® prepares 
a fluid collodion mass for the manufacture of dolls’ heads by ini.\ing' 
a solution of 1 k. of celluloid in 1 k. acetone, with 250 gm. magnesuim 
o.\ide, 50 gm. purified chalk and 250 gm. glycei'ol, togethei’ with some 
ether and alcohol. The mass is said to fill the'molds well and harden 
in three hours af1.er subse(|uent drying at 50°. The pigments also 
mat-erially reduce the inflammability of the plastic. 

Manufacture of Syringes from Celluloid. The barrel is formed 
of a cylinder of phnstic material, jireferably translucent celluloid. 



Fio. 2,1'J —t'clluloid Syringes, according to Lefferts. 


with a nozzle 11 .and piston D (Fig. 252). In the construction of the 
barrel, the celluloid in a plastic state is forced from a nozzle around 
a mefallic mandrel'’ having a polished surface, the material Issuing 
in tubular form and snugly fitting t.he mandrel. The threads are then 
cut at the ends of the barj-el to receive the mountings, the nozzle 
b(!ing formed in the same manner as the barrel.^ 

1. W. Cnrpcnlcr, U.S.P. ISSO. For manufacture of artificial cars 

from celluloid, sec rtorresp. Zatin., H)()2, 31, 219. 

2. D.Jt.P. 1.S7S91, Kllrt. It. M, Lefierts, U.S.P. 2;!,ra53, 18S0. 

4. .See (1. Otto (U.,S.P. 2;ir)95.S) for celluloid catlieter, syringe, or (U.S.P. 235959, 
I.SS(I) pessary. 
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Celluloid Emery Grinding Wheels. Before 1X75, when the 
Hyatts first patented their relluloid grindinfi; wheel, these wheels 
were made of particles of emery consolidated and molded into shape 
by the addition of glue, rosin, or india-rubber. It was found that such 
wheels were liable to glaze and lost; their sharp cutting surface, in con- 
secpience of the adhesive mat('rial used to cement tlie particle.s together 
becoming soft and sprcailing on the surface, either by friction and 
warmth, or the action of grease frecpiently jjresent in grinding and 
polishing operations. To overcome these objections, the Hyatts 
nii.\ed the jxdishing material intimatel}- with (celluloid, then inoUhxl 
int,o form by heat and pi-essure.' Usually pulverized celluloid was 
first mi.\ed with the emery, a small amount of cam])hor in alcohol 
added to moist.(>n the mass, wldch was then molded. If the wheels 
were of considerable thickne.ss, the drying ■ process to elhninate 
solvent was found to be a tedious one. By making the wheel of a 
series of muted disks (jr layers, each disk having been ])reviously 
seasoned or cured, the i)eriod of final drying was materially lessened.*' 
Celluloid Linings for Ice Pitchers to take the ])lace of thosi' 
of glass or porcelain (Fig. 253) and su])erior to them in the fact that 
celluloid is a veiy poor conductor of heat ■* 
and there bidng no liability of breaking, the 
celluloid lining may be very thin, thus not 
])erceptibly decreasing the cajnicity of tlie 
' vessel as with the -thicker glass and por¬ 
celain linings. If the celluloid in a li<niid 
state is used, the method is sinqdy varnish¬ 
ing the interior of the jierfectly dry vessel 
with two or three coats of a heavy jiyroxy- 
lin lacquer, allowing the coats to harden 
Fig. g.W.—befferts’ Mctlioil before the next, one is applied. If sheet 

of ('clhiloid billing of Icp celluloid is used, the bottom is first cut, 

I’itclicrs and Vcs.scls of a ,, , , , , , , 

Similar Nature. softened by lieat and jiressed on tlie con¬ 

tainer which has been mio.stened with a 
small amount of solvent. The sides are attached in a similar way, 
and the junction between the bottom and sides made water tight by 
touching with a heavy jiyroxylin lacqnei'. Such linings are sanitary, 
unbreakable, light in weight, tind odorless, and do not chi]) or craze 
after long usage. 

1 . .1. & I. Ilyatt, U.S.r. Iti.'i'ilit, 1S7.'). 

2. 1,1’. Brown and A. Sanborn, ti.S.P, IST.flrt, 1S77. 'I'licac wheels did not prove 
the success their inveidors hoped for, and after several .'U'cidenis during their use, 
manufacture was ahandoned, 

3. M. Lefferts, U.S.l’. 21(»27!», bS7!l. 
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Celluloid-Coated Piano Keys. Ai^conling to Hyatt’s method ^ 
a wliolo koyboai'd can be (covered at one operation, as shown in Fig. 
254. The exposed upper surface and edge of the keyiroard blank is 
covered with a sheet or roll of celluloid, the wood being first moistened 
with amyl acetate or ol.her pyroxylin solvent to give a more perfect 
union. After the (temented sheet hits hardemed’ and dried, the blank 
is sawed or othei-wise severed into sections and A becomes B in 


A B 

luu. 2r)l.—Makiiis C'elhiioit! Piano Keys. 

ui)])CJiraiuic. This ontirtily obviates tho old juul tedious operation 
of covering a single key at a time.'^ ’I'o iuci'oa.sc adhesion, the cellu¬ 
loid sheet may finst be warmed, the de-sired design being impressed 
upon tho keys !>y means of suital)ly shaped dies or instruments. As 
tlu! ccdluloid cools it (contracts and hardens. I'inally the attached 
.sheet may be given a high polLsh. 

Pyroxylin Pla.stic Moldings. The moldings u.sed in the con¬ 
struction of sliow cases, show windows and for similar puiposcs, are 
usually coated with a thin sheet of biuss 
or (lennan silver. Such moldings are 
easily soiled, especially when handled, and 
it is e.ssenlial that they be kept in an attrac¬ 
tive condition. If. .lohiuston has invented 
a celluloid molding •'* intended to overcome 
most of these objections, which consLsts 
of a ’.hin celluloid exterior fa.st.ened to a 
inetahbaiiked or wirc^ interior which makes 
the member suliiciently durable to be bent * 
in any de.sired form, for octogonal and 

other strictly ang\dar moldings t he metal backing is usually unneces¬ 
sary, but is reipui-ed for those; known as “ogee,” “ovolo,” and other 
fornis in which curved lines occur.' 

1. U.S.P. 210780, 1878. 

2. In securing tlie acriill upon the liliink or bo.aril, etvre ahoiilil be exercised 
to sei! tliat it is firmly cemented at every place ill order tliat it may not tic torn 
off or otherwise displaced in the operation of cutting out the individual kovs 

:i. U.rt.P. 217111, 1870. 

4. Fig. 2.7.') sliows a coaled molding having an ogee curve. 
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Colored Celluloid Screens for Photography. According to 
F. I.ehncr,‘ the dyestuiTs hitherto used for coloring transparent cel¬ 
luloid have been soluble in strong alcohol, and have possessed the 
disadvantage of allowing “ spreading ” of the color beyond its own 
limits when used for multicolor scr-cons. According to this inven¬ 
tion, c.ertain dyestuffs' ^ are used, which are readily soluble in watei-, but 
practically insoluble in ali'ohol. The celluloid is milled with alcohol 
diluted with as much water as practicable, and the dyestuffs, either 
solid or in aqueous solution, incorporated with the plastic mass. When 
this is homogeneous it is then formed into films which are slowly 
dried. Finally the, films ai-e softened by exposure to the vajx)!' of 
alcohol and the rolling jiroce.ss completed. 

Celluloid Playing Cards. Tin? first pyroxylin playing raids 
were made by llyatt in 1S79.'* Before this time, the better class of 
cards had biHui made of heavy paper, and while sufficiently opacpie, 
they were prone to warp, crease and bi'eak with ordinaiy usage, were 
readily soiled wdieii printed, and did not jios.sess in a marked degree 
the (juick, elastic action which is one of the most important character¬ 
istics of a good playing card. Hyatt was enabled lo overcome many 
of these defects by taking a jiiece of sheet celluloid of the nxpiired 
thickness and ojiacity, upon which the dcsii'cd lettering or design 
was apidied by use of a horizontal bed and a idalen press. The card 
was then covered with a celluloid solution of the consistency of varnish, 
either by brushing or dipping, the surface was i>olished by jn’essure 
between heated plates after drying.'* The laccpier, while it made 
the imprint indelilile, also ailded to the cost and made an' additional 
operation. The next year X. Hart and U. Bacon jjatented their 
method of decorating celluloid by moans of a solvent ink^ and fol¬ 
lowed this by a method of preparing celluloid playing cards,'* in which 
the design was applied directly to the celhdoid surface, this being 
the final step in manufacture. 

The foundation of their card w'as linen papci', which was coated 

1. E.P. 7620,1908. 

2. The dyestuffs .specified as satisfactory for this piiqiose arc: for red, ponceau 
F.R. (L. Cassella & Co.) or ponceau 4 I! (Meister, Lucius <fe Bnining); tilue, silk 
blue (seiden blau R, Cassella) or cotton light blue O (.Meister, Lucius & limning); 
green,cone, acid green D (Meister, Lucius & Hrnniiig), or naphthol green B ((:as.sella); 
yellow, naphthol yellow S (Badisch Aniline Co.), or acid yellow 0 (Bailisch Aniline, 
tk).). See also Chapter XVn. 

3. J. Hyatt, U.S.P. 218122, 1870. 

4. To avoid warping, the slieet was fabricated as descrilied in U.S.P. lOOttOS, 
1878 (which see), taking care to make the entire surface of tlie slicet as even as 
possible. 

' 5. U.S.P. 2338.')1, 1880; E.P. 4874, 1880, the ])reparation cousisling of phenol 
60 aniline color 2, to which wa.s added an equal volume of alcohol, ether, or both. 

’ 6. U.S.P. 241004, 241005, 1881. 
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with a fluid (celluloid composition in the usual manher. The surface 
was then decoi’atcd by direct printing, using an ink composed of an 
jmiline or other dyestuff dissolved in j)henol. As the 'latter is an 
energetic solvent of celluloid, the fluid upon evaporation left the 
coloring matter intimately imbedded in the jdastic substance wdth 
which it had united. Any dyestuff soluble in carbolic acid co\dd be 
used, or more broadly, any dyestuff soluble in a slowly evaporating 
pyroxylin solvent. To facilitate fjcnetration, a small amount of 
ah^ohol or ether was added to the phenol ciystals (the li(iuid fonn not 
being used), fl’lu! alcohol or ether acts in a measure like a drier, in that 
it enables the colors to diy ra])idly and before they have an oi)poi'- 
tunity to spread or blur. The spe(!d of drying may be regulated by 
the ju'oportion of ether to phenol; iiicieasiiig the lattm' decreases 
the sp(^cd of drying. 

Celluloid in Optics. In the manufacture of eyeglass frames, 
opera glasses, lorgnettes, microscopes, ami telesco])es, the pyroxylin 
plastics have found e.xtensive use. The ,1. Spencer process for mak¬ 
ing optical frames of celluloid is tyiiical.' The latter is brought to 
the plastic condition by application of a steam or alcoholic bath, hot 
air, or other form of heat, the material, when plastic, being expelled 
from a nozzle under hydj'aulic pressure uiion a steam table, where 
it. is rcdled or cut into sheets of the recpiired thickness. These are 
carried und('r knife edges while lying in single thickness u])on a table 
and by rapid strokes, flat oblong bands ai'e produced. They are 
then rapidly sti’otched over a mandrel or index gauge, and cut into 
the desired shajje. After hardening the frames may be trimmed, 
polished, and finished in any desiital maniuir. 

Celluloid Phonograph Cylinders. It has been fo\md difficult 
to use celluloid to advantage for the fonuation of sound records, 
because of its hardness and the difficulty of treating the surface so that 
it could be cut into. It has been claimed also that the porous nature 
of certain plastics unfit them for use in records, fl’o correct these 
defects, it has been customaiy to di]) the disk or cylinder in a slowly 
evaporating celluloid solvent, as amyl acetate, to soften the exterioi', 
before the cutting, i)lowMiig, or engraving is commenced. It has been 
noticed, however, that the application of solvent solutions alone 
often renders the plastic surface gummy and sticky, so that it cannot 
he cut clean and distinct without clogging the plowing instrument. 
To overcome this, A. Petit ^ combines with the solvent (amyl acetate) 

1. U.S.P. 220.502, 1870. For the preparation of iliehroic lumincsconts tor 
fluoro3COi)C8, in which the phosphorescent materials are dissiolvcd in an acetoue 
solution of eolluloid, see Bull. Rouen., 18‘.)7, 25, 580. 

2. U.S.P. 662961, 1900; E.P. 22867, 1899. 
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a fatty body (olelo acid, olive, corn, or cottonseed oils, peiferably 
oleic acid) in the X)i' 0 ])ortion of one of fatty acid to two of acetate, 
this proportion forniinf; a homogeneous mixture. The cylinder or 
disk is then dipped in this and exposed to the air for a few minutes 
in order for the solvent to act on the cclhdoid surface, when, it is stated, 
the followinj;; or reproducing style enijiloyed will be enabled to cut 
readily into the surface in the usual manner in niakiiig reproducing 
records. 

In the ]'’. (’app’s method of manufacturing celluloid re(!or(ls ’ 
the invontion is based >ipon the fact that celhdoid expands considerably 
when softened by the admixture or the application of a solvent.^ 
The method is the same, whether the cylinder or disk consists of 
vertical iiTcgulariticw characteristic of “graphophone records ” or 
of lateral umlulations characteristic of the tyjic known as “gramo¬ 
phone records.” hirst a cylindrical matrix is taken that contains 
upon its inner face a ciist or copy in re\'orsc of the original sound 
recordA celluloid cylimh'r is next insei'ted into the matrix, and 
both dipped into a celluloid solvent, hokling tlmn there for a suf¬ 
ficient time to soften the celluloid surface. By then removing from 
the bath and setting aside to dry, it wdll be found that in softening 
the cclhdoid cylimhu' has exjianded and the softened sui'face (which 
is held closely against the mati'ix int('rior surface where the record 
impression is) will be found to have entirely filled the minute irregular¬ 
ities of the matrix surface. When the celluloid is thoroughly dry, 
it is separated from the matrix in any convenient way, and it is said 
upon its outer suriace will be found a faithful copy of the original 
sound record. By re})lacing the celluloid by a mi'turc of celluloid 
and stearic acid, or celluloid and Jajjan wax, the cylinders reproduce 
the original more perfectly, and give a purer, more resonant, and 
human-like tone. The stearic, acid or wmx is incorj)oratcd with the 
celluloid before the conversion of the pyroxylin. 

In one niethod of reiiroducing phonographii^ rcicords an electro¬ 
type of a wax 7'ccord is made. This is in a cylindrical fonn, wdth 

1. IT.S.P. 6.S9.536, 1901. 

2. By a maiiipulatioTi of various latent pyroxylin solveiiis it i.s possible to produce 
a plastic with any Riven softening point between 45° and 175°, therefore the con¬ 
gealing point of mixtures of waxes can be closely approximated by varying the 
latent solvent. 

3. The matrix may be formed by casting, or by depositing upon the surface 
of the original record a film or coating of chromatized gelatin, formaldehyde gelatin, 
or gelatin treated with hcxamethyletctramine. The greatest difficulty experienced 
in the manufacture of these reconls is the impossibility of eliminating all the sol¬ 
vents from the plasties, so that the records buckle and warp sufficiently to inter¬ 
fere with the acoustics of the record. For description of duplicate sound record 
of homogeneous and non-laminated nitnwellulose with a cast sound record upon 
its exterior see J. Aylsworth, U.S.P. 953454, 1910. 
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the negative of the record of the matrix upon its interior surface, 
and is reinforced f)y a strong surrounding metallic cylinder. A cellu¬ 
loid cylinder of about the diameter of the interior of the matrix is now 
placed inside of the electrotype and expanded until the record has 
been impressed upon its outer surfa(*. It is now desirable to with¬ 
draw the celluloid cylinder without injuring the delicate record upon 
it or upon the matrix. (Icorge H. Stevens * claims to have discovered 
that if the metal mold, with its inclosed celluloid cylinder, be immersed 
in water at a temperature close to the boiling j)oint, the celluloid 
cylinder will contract in diameter without warping and that the sur¬ 
face will remain true and smooth, one immersion being sufficient to 
contract a rylind(>,r from If in. in diameter as much as I in. The 
celhdoid cylinders used are made by being drawn or pressed f hrough 
a die while in a plastic condition. They are then stretched to the 
loipiircd diamefer by being forceil over a cylindrical die while still 
in a plastic coudit ion and allowed to cool and set. The patentee Iwlieves 
that this mode of manufacture may have an influence in adapting 
them to contract on being reheated. However, a celluloid cylinder 
that has not been stretched or expanded in the direction of its diam¬ 
eter will also contract on being heated. The immemion in the water 
should be for a short time in order that only the rctpiisite amount 
of conf racflon may take place, for if the heating is continued too long 
the cylinder may warp in contracting. 

Celluloid Eyelets, especially for shoes, may be made by taking a 
tube of celluloid of the retpiired size and having one end flanged, one end 
being ])laced in any suitable former, where it is softened by wanning, 
the end being turned over, thus forming the flange, The colors may be 
varied by grinding in ])igmentB where color and opacity are desired, 
or by basic dyestuffs where a translucent colored effect is preferred. 
Tan and black are the colors most in demand and may be produced 
by the use of bismarck brown or nigrosine dyes, or the siennas and 
lampblack for i)igments.2 In setting these eyelets, one end is softened, 
best by the application of a hot tool, the other end being flanged 
and set down in the goods the same as in metal. When the eyelets 
have been set, they may be touched on each side at the point of con¬ 
tact with the goods, using a ])yro.xylin lacquer or celluloid cement, 
which will at once firmly unite them. A celluloid-covered heel ^ and 

1 USP. 667600, 1001; see also U.S.P. 650431, 1000. 

2 W. Uarpentor, U.S.P. 271035, 1883; see atso United Fast Color Eyelet Co., 

E.P.'2036, 2037, 1902. , 

3. E.Stoefler, U.S.P. 67.5151,1001. Tlicliecl was formed by stretching a celluloid 
tube on a frustrated cone by means of immersion in hot water, then placing this 
outer shell over a heel body and immersing in water again, when the previously 
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shoe tip * have been patented, and at one time had considerable 
sale. 

Ebony Plastic Masses. Hyatt’s original process for the fonna- 
tion of ebony plastics was to mix tannin with the pyroxylin and 
camphor, then add a wood alcohol solution of ferric chloride, or extract 
of logwood and an iron salt. This, however, gave a black which appeansd 
somewhat transparent, and lacked that dead or matt opaipie apf)ear- 
ance of natural ebony wood. The spirit-soluble nigrosines combined 
with finely divided lamp black arc now used, the nigrosine being dis¬ 
solved in the solvent with the camphor and the black pigment ground 
with tlie jiyroxylin before convei-sion. When such a mixture is made 
into sheets, the highly polished appearance is absent, due to the lamp¬ 
black. To still heighten the opaipie effect, lamiiblack w'ctted with 
acetone or amyl acetate may be siirayed on the sheets just after leav¬ 
ing the rolls, or if the sheets are cut from blocks, as is usually done, the 
individual cut sheets are lightly sprayed. When thus jirepared, 
the finished sheets have an intense, imiienetrablc black apiiearancc. 

Celluloid Cements and Adhesives used to attach two or more 
surfaces together may be divided into mechanical and solvent adhesives, 
heat and pressure being the best known of the mechanical means. 
A comprehensive definition of a pyroxjdin jilastic is a nitiociellulose 
compound which may be welded by heat and jircssure alone. The 
heavy pyroxylin lacquers, aided by the presence of a small amount 
of camphor or its substitutes, form the class of solvent cements. Any 
pyroxylin lacquer formula given in Chapter X, which is fairly high 
in solvent power, makes an excellent celluloid cement when from 
10-2r)'’l, camphor (calculated on the weight of the pyi'oxylin jireseni) 
is dis.solved in the lacquer. Castor oil, resins, fusel oil, and pigments 
decrease the adhesiveness when incorporated in celluloid cements. Clue 
dissolved in glacial acetic acid has been used as a cement, being quite 
inexpensive. Its efficiency may Ite iinjiroved by the addition of a small 
amount of pyroxylin to the glue, both being readily soluble in the acid. 
.\ little cellulose acetate dissolved in acetic acid and added to glue in 
solution in the same solvent is said to jtroduce a cement which pene¬ 
trates sufficiently, but does not soften the celluloid to so great an c.xtent 
as an acetic acid solution of glue alone. 

Celluloid may be cemented to hard rubber by making a mixture 
composed of alcohol 3, amyl acetate 1, fusel oil 2, canqjlior ^ (all parts 

expanded celluloid would contract and adhere tightly to the core, thus forming 
a Beamless plastic covering. 

1. J. Hyatt, U.S.P. •203834, 1878; used consideralily when metal shoe tips 
were in vogue. It had the advantage over copper in lighter weight, over leather 
in being waterprpof, and over rubber in wearing longer. 
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by weight). Iron and celluloid may l)e joined by means of acetic 
! acud 1, amyl acetate 5, fusel oil 2 (parts by weight), and to wood by 
shellac 2, spirits of camphor 3, ^ind alcohol 95%, 4 (all parts by 
weight).! 

Celluloid Pens.“ The Handles Museum ^ is responsible for the 
statement that in France writing pens are made of celluloid. The 
outline of the pen is stamped out of a thin sheet, punched, and shaped 
by placing in a hot press. After being cooled the nibs are foimed 
by splitting and the points may be reinforced as in gold pens by apply¬ 
ing a drop of celluloid latspier and allowing to hai'dcui again. 

It is'customaiy to in.seit a goose (piill in the corks of india and 
other inks intended for drawing i)uiposes, the (piill enabling the rul¬ 
ing pen to bo filled more expeditiously, and with le.ss waste of fluid. 
Felluloid quills have been used to replace the natural (piills, but they 
have not boon found satisfactory. The reason is that india and sim¬ 
ilar waterproof inks contain borax and ammonia to keep the shellac 
in solution and also usually a small amount of camphor. This com¬ 
bination has a softening action on celluloid, and it has been found that 
celluloid quills immersed in this class of inks for some weeks have been 
entirely dissolved. 

Celluloid Penholders. The method of W. Carpenter,'' designed 
especially for the production of penholders, is useful for other articles 
which may be formed by the combined expansion and contraction of 
a plastic tube. The irn'thod of manipulation is shown by h'ig. 250, 
in which the tube, 1, is cut in pro])er length from ttdres .made 
of celluloid, or any ((lastic material that admits of being softened by 
heat and has tenacity enough to allow of being stretched and molded. 
Tills tube is taken, and one end, A, is held in hot water or some other 
hot licjuid until it is pliable; then a mandrel having the desired taper 
is plunged into the boiling licpiid, and thence the end is stmdc into 
soap to lubricate it, when it is jmslied into the end of the tube that 
has been heated, the hand of the oixirator closing about the end, and 
holding it while the mandrel by the other hand is pushed into it. 
'Phis'mandrel expajids the end A to its own shape; but as the other 
end of tho_ mandrel does not fill the tube at the end C, this end has to 
be reduced to the size of the mandrel. 

Fig. 256, 2 shows a tube in the process of forming into a, taper. 

1. See Towndrow, “Cements for Celluloid," Am. Macli., UtOli, 2(i, ,Wi»; “(llass 
and Poi'cclain Cements for Cellidoid,” .\m. ,\poth. Zlg., 18117, 18, 87; “Cementinis 
Celluloid to Wood,” Z. Drc'chslcr, ISllt), III, 4411. 

2. See Kcmpshall, Papier Ztg., 1898, 23, 804. 

3. J.S.C.I., 1892, 11, 1044. 

4. U.S.P. 219218, 1879. 
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The end A has been expanded, but the end C Ls not ehanged. Tliis 
end, while it is hard, is stuek into soap or other lubri(^ator, and is then 
pushed into a hole, E, in an elastie die, F, made usually of j-ubber; 
but some other clastic material may answer the same purpose. The 
tube is pressed into the die up to where the paper had been made 
by pushing the mandrel into it, or about one-half the length of the 
tube. The hole in this die is only the size of the small tip of the man¬ 
drel, but will .stretch to the size of the tube while the tube is cold or 
hard. Then the mandrel and t\ibc are placed in a vertical position, 


1 ^ 

•^n n 





Fig. 2,56.—Farpciiter’s I’njcess of Reducing Celluloid Tulx!s to Taper. 


with the lower end up to the die in hot liquid, usually water (see 
water-line U). The die is then caught and held firmly by an abut¬ 
ment or clamp, H, and the upper end of the mandrel is connet'tod with 
a suitable mechanism, by which it is drawn up slowly, canydrig the 
tube that is being molded up with it; and as it is drawn up through 
the die the contraction, pressing upon the softened celluloid, stretches 
it lengthwise and closes it about the form of the mandrel. 

In pushing the mandrel it sometimes causes wrinkles in the tube; 
but this process of drawing the lower end of the tube through the die 
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reduces any wrinkles tliat have been made above the die, making 
a smooth, symmetrical taper, as seen in 3. 

After the die has been ramov(!d tlie tul)e is i)hinged into cold water 
and cooled. Then it only remain.s to withdraw the mandrel, and 
the molded tube or article is I'eady to ho finished for the use for which 
it was designed. 

Thus it will be seen that where the tube is to be enlarged it gets 
the c.\])ansion by the jnessiire of the mandi’cl inside; but where it 
is to he diminished it is brought to a pi'oper shaire by the elastic die 
o])craling externally, in combination with the mandrel; and in this 
way many fonus may be niolded from a plain tube, getting the internal 
pressure fi’om a solid mandrel and the external pressure from an 
elastic contracting die, enlaiging and contracting the ])arts as is found 
desirable. 

The proce.ss of forming ])enholderH devised by .1. Funnan * has 
the advantage over the previously dt^scribed method in that it enables 



l'’io. 2,57 --MoliUn!; Hollow Arlicic.s from (Vlluloid (Furraan’.s Patent). 


the formation of a hollow holder having a socket at one end to receive 
the pen, the whole bi'ing jtroduced at one operation and from a single 
))iece of material as shown in Fig. 257. In producing this penholder as 
shown, a tube of the c(dhiloid or etpiivalent material is placed in the 
section a of the matrix, and the part of the die containing the section b 
is then brought into position, and comes against the tube of material, 
at the same time steam being circulated through the blocks D for the 
purpose of heating them and softening or rendering })lastic the cellu¬ 
loid. The pressure ap])lied to the opposite sides of the die cause.s 
the tube to conform partially to the otitlinc of the matrix, its lower 
end being solidified, and its upper end depressed on one .side by the 


1. U.S.P. 2S2451, 18S3. 
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projection d until its side is brought in close relation to the opposite 
portion. A cooling agent is caused to circulate in the hollow bo.ves 
D, and steam under jiressure is injeched through the gate e into the 
softened tube, whi(;h has the effecd. of expanding it closely against 
the walls of the matrix and of contimiing the expaasion until the dies 
have become cooled by the cirendation of the cooling agent in the 
blocks D, after which the injection of the .steam through the gate e 
i.s stopi)od and the article removed from the die. When the tube 
of material is first ])laced in the die, its upper end wilt extend to about 
the >i|)])er edge of the gate c. Hence, upon the completion of the article, 
that portion of the material which lined tin; walls of the gate will be 
removed, leaving a finished holdei' formed of a single piece of material. 
It, during the o|)eration of the die, a fin of the material is fonned 
on the sides of the article, it is of course 7x;moved. 

Ink for Writing on Celluloid by the use of a pen or brash as 
distinguished from jirinting inks, may be ])i'epai'ed in a number of 
dilTereiit ways, of which any one of the billowing will be found 
satisfactory. 

I. Black. Ferric chloiide 10, acetone 50; tannin 12, acetone 
50; mix just before use.* The acetone dissolves the celluloid and 
allows the iron tannate t-o penetrate the jiyroxylin. If foi' use in a 
fountain ])cn, acetone will be found to evaporate too rapidly, and may 
be replaced by a ini.xture of phenyl acetate and ethyl alcohol. To 
give the first blue color, as in writing fluids, methylene blue 1.5 part 
may be added to the above formula. The proportion of jihenyl ace¬ 
tate to alcohol may bo varied accoi'ding to the rapiility of diying 
desired, 40',j of the former to 00% alcohol producing a black ink of 
desirable flow and satisfactoiy penetration. Simple .solution of the 
siiirit-solublc nigrosines 1-2 parts in a mixture of acetone 1, and recti¬ 
fies! fusel oil 0, results in the formation of a satisbu'tory ink, the 
peuietration of which maj' be assisted by the addition of ciimphor 2. 
Blae-k iiidi;i-ink, which is waterproof, may be prepai'ed by the follow¬ 
ing method: A fine carbon bhick is fir.st extracted with benzine or 
benzene tee dissolve the hydrocarbons and fatty matter, ground in a 
paint mill with twie'c its weight of ecjual volumes of castor oil and 
rectified fusel oil, after which camphor 2, acetone 4 and nigrosine | (all 
paiAs by weight) are incoiporated. To this is added 3 parts wax-free 
shellac dissolved in fusel oil 1, amyl acetate 2, and wood alcohol 4, the 
combined mixture well mixed, when the ink is ready for use. Any pen 
may be u.sed with the liquid, the nigrosine jjenetrating the pyroxylin 
while the lampblack, in conjunction with the shellac, produces a heavy 
1. Sec Pharm. Ceiitralh., KlOl, 42, 6GI; Scifenfabr., 1901, 21, 745. 
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;lossy black which does not penetrate the plastic, yet is firmly anchored 
to it by means of the solvents hanuonious to both. Colored india- 
inks, both wateiproof and resoluble, may be made by the substitu¬ 
tion of carmine or other pij^ionts or lakes for the lampblack and 
basic dyestufr.s .soluble in acetone or al(a)hol for the nigrosine., In; 
iddition to cannine for red; Prussian blue for dark blue and ultra-j 
marine for light bhie, load chromate or lead iodide for yellow; silverj 
■hromatc for brick red; co))por carbonate, nii^kel oxalate, chromium; 
;)xide, chrome green for green; and zinc, magnesium, or calcium oxides- 
)!■ cai'bonates for whit-e, arc among the suitable pigments which suggest 
thcms(ilvos. 

2. Hki). Kosine oi’ fuchsine for red; rhodamine, phloxine, or 
peonine for ])iidc; methylene or victoria Idue foi- blue; saffranine for 
ilark I’od; nilo, meiiivl, (‘thvl or victoria green; najrhthol yellow, aura- 
ininc or bismarck lirown, or rhoduline heliotrope, when dissolved in 
lO-b") volum(!s of acetone, volumes of fusel oil added, and the 
solution filfoi'cd if necessary, produce inks which can be applied 
to celluloid readily with a )ien, ])en(!trate deeply and are not readily 
fugitive to light. Hy mixing varying c|uantities of two or more of 
I ho above inks, it is evident that a celluloid writing ink of any shade 
may be duplicated. 

“ Paslel and water color” pictures on celluloid sheets are obtain¬ 
able by using inks of the above general formulas, applying the ink 
with brushes in a manner similar to water-color painting, the finished 
work being ])reserved liy attaching a thin film ovei’ the painting by 
passing the painted sheet and superimposed film through heated rolls. 
The inks may be tliickened by the aihlitioii of glycerol mono-, di-, and 
fI'i-acetates, syrupy li([uids which are direct pyroxylin solvents.^ 

Printing on Celluloid.^ Ordinarj* juinting inks with a linseed 
oil base, ilo not, as a rule, adhei’e well to polisheil celhdoid surfaces, 
partly by reason of its smooth surface, and partly on account of the 
insolubihty of celluloid in the fluid portions of the ink. In the earlier 
methods'* the design was applied to the sheet by means of a press, 
and was then placed on a “ steam-table press ” with the jrrinted sur¬ 
face of the sheet in cont,a.ct with a polished plate. From .kb-llO^' 
heat and .about (idO lb. ])er srpin. pi'es.sure was applied, dej)ending 
on the 1.h'ckne.ss of the sheets, only that degree of heat and pressure 
being reiiuired to flow the surface of the sheet and effect a satisfactory 

1. D'seovery of R. Schiipplmus, U.,S.l’. 4i0208, 1889. 

2. Por Printiiifi on Textiles with tlclluloul Solutions," see OolJsinith, Jour. 
Soc. Dyers and Col., 1908, 24, 7(1. The proces.s is especially applicable for print¬ 
ing “ polka (lot ” on hosiery. 

3. M. Lefferts, U.S.F. 340376, 1880. 
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impression.' This process was found to be somewhat expensive 
and cumbersome, and was improved upon two yeans later ,2 this being 
the beginning of engraved plate printing on celluloid In order to 
use an ink carrying an insoluble pigment, as in orumary printing 
ink, a combination of (o) a fluid or mixtui'e which is a solvent of 
pyroxylin is mixed with (h) a pigment in powdered fonn, and this 
is held together by (c) gums or other binding agent.-' For plate 
printing the following proportions arc stated to give good results: 
.'Vny suitable pigment used in printing or engraving inks; binder 
composed of shellac 20, pyroxylin 1, camiibor 40, castor oil 10 (parts 
by weight); solvent, oil of cassia 2, or fusel oil 2 parts."* It is stated 

1. If the Bheot is tliin it will he desirable to hack it up with a l.ayiT of hlottinn- 
paper or other elastic material, for the purpose of prevciiliiia or correcting defects, 
which are likely to he caused by any inequality or irregularity in the plate or .sheet. 
To prevent the sheet from adhering to the Ixicking, a layer of any non-adhesive 
substance—such as metal, tlid'oil, or celluloid—which has Iwen properly oiled 
or lubricated may he interposed. If desired to imparl, a finislieil or calendered 
surface to both sides of the sheet, a shevt of polisheil metal i.s placed in contact 
with the n'verae sitlo of the sheet of celluloid. 

In treating thick pieces of materia! there is danger of the heat and presstire 
causing the material to flow, whereby the impression will be blurrcii or distorted. 
This danger is obviated b,y performing the operation in a die or receptaele in which 
the material is so closely and compactly litted that its shape is preserved, and any 
displacement of the deeorated surface thus prevented. Any die or mold which 
will prevent a change in the surface that carries the impre.ssion is satisfactory. 

2. Prexicss of M, lipITerbs and ,J. Stevens, U.S.P. IlHdfi.'il, bSSS. Tin- value of this 
process lies in the ink, oil of cassia high in cugenol being the preferred solvent. 
This prfteess is a practical cxamfile of the value of solvents irrespective of their cost. 
An engraving was placed on a sheet of celluloid about 10-12 in. anil sold ns 
high as .$5.00 each. Of Marshall's bust of (leneral (Irant, hundreds were sold at 
this price, the cost of the solvent, in this instance, lieing of no importance considers'- 
ing the minute amount required to produci- a single impression. The first to suceess- 
fully print on celluloid with type was probably flrvis of New York. His success 
wa.s'apparently due t o the dryer in his oil ink, the latter of which drieil fairly ipiickly 
and (lid not rub off or blur. 

,3. The function of the gum and resin is to hold the fine partieh-.s of pigTn('nt 
together and thus prevent or retard their being rubbed off. The oxidized portion 
of kauri and copal is preferred, the character of the binding ageid de[)ending in 
a measure upon the class of printing to bo done—as, for inst.ance, in inks for ii.so 
in plate printing it is preferable to employ gums which will allow the ink to “wipe” 
smoothly from the, polished surface of the plate as shellac: and in ink.s to be used 
for type printing a more adhesive gum as mastic, resin, or copal. A small amount 
of castor oil added tends to render the ink smooth and prevent granulation. 

4. In compounding the ink for use in type printing, it is said to be especially 
desirable that the mixture be of a slowly drying nature, ns the ink is spread over 
a large surface, and the eid-ire (piantity applierl to the type used up, t he large surface 
upon which the ink is spread permitting rajnd evaporation of the volatile ingre¬ 
dients, whereas in inks for use in plate printing, though desirable to u.sp .slowly- 
drying substances, it is not so es.sential, for the rea-son that a fresh supply of ink 
is applied to the plate, at each impression taken, the excess of ink being wiped 
off at each operation. It is also desirable that the ink for use in type printing 
be of a more adhesive nature to prevent spreading. 

The compounding of this ink is best effected by combining the heavy solvents 
and binding agents at an elevated tem|)erature, after which the lighter solvents 
may be addetl, and the mixttirc then ground with the pigment in the usual manner 
for'making printing-inks. 
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that after tlie printed artiele leaves the press, little or no drj’ing will 
he found necessary, as the ink rapidly hardens on the material. 

In order to increase the penetiati<m of the ink into the plastie 
surface, the sheets may he taken in the unseasoned or “green ” state, 
just as they come from the sheeting machine. They then contain 
considerahie volatile solvents, and as the surfacc.s of the sheets have 
h(>en e.xposed to hut. little ev.aporation to harden them, they are 
especially impi'cssionahlo.i The desired pattern is then printed 
upon the unseasoned sheets, the ink penetrating and uniting with 
the ])lasti(^ substance. The ink usually irormeates to such a depth 
as to render the printing i)raetieally imhilible. After seasoning, it is 
I’ceommeiuh'd t-o press the sheets between steam tables at a tem¬ 
perature of Oo-sr)®, and at a jeressure of from 1,.300-2,000 lb. jjer sq.in., 
th(' heat and jn-ewsurc serving to incorporate the solid matter of the 
ink still further into the body of the sheet. 

The foregoing methods have made use of the original polished 
celluloid sheet. If, however, the surface be roughened by providing 
a line graining, in t similar manner to that in which lithographic 
stones are jnepared, ordinary jji'inting iidis containing esirecially 
penetrative and (piick-setting driers may be uscfl. Pitching by 
nn-ans of a sand blast, si)raying glacial acetic acid, mi.\mg the trans¬ 
parent celluloid with ])igments as carbonates, before sheeting, and 
tlum roughening the surface by superficially dis.solving out the cfir- 
bonal(>s with dilute acids, are nirthods w'hich have been advocated. 
Irresix'ctive of the method of graining or deadening used, the sheet 
may be inlntcd ujxm direct, as in the process of Hazelberg,2 adding 
a little ethyl acetate to the printing color if necessary to increase 
l)cnclralion.2 An e.xceptionally fine and close grain is said to result 
when celluloid sheets are iirojiared by the method of de Coiitlogon,^ 
whicli consists in forming a very line grain in the shape of a multitude 
of minute pores, by means of a sand bla.st of very fine sand. The 
celluloi.l dust is removed by brushing, the surface further cleaned 
by washing with alcohol or watei', after which a fatty varnish con¬ 
sisting of w'hite cojial, tur])entine and oil of lavender is applied lightly. 
The varni.sh is rubbed off befoie hardening, and thus made to pene¬ 
trate and fill Uw' minute jiores. An impidpable powder, as equal 
vveiglits of magnesium ami barium sulphates, is ne.xt applied, rubbed 


n, ■’ 

2. E.l*. 41(57, 18't2; ahst. J..S.(t.I., 1S')3, 12, 444. 

.3. If, after the colors liav<' dried the plate he dipped in a lacquer and polished 
liter liardening, it may he cleaned without danger of effacing the design. 

4. H.S.I’. 474HU, 1SU2; E.l’. .t.'iHfi, tSilt; F.I’. 2124:i.'i, 1891: Il.R P fiI044 
1891; Belg. 1’. 94H88, 1891. Called the “celluchroinc’’ process. ’ 
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wall in, after which the surface is wiped clean and subjected to any 
w(dl-known satining pro<’ess. It ic claimed that printing upon such 
a surface is accomplished as satisfactorily as upon paper. In the 
])rocess as worked out by .1. Jarvis * the sheets are first embossed, 
then dipped into a staining solution of dyestulT in alcohol or other 
))yroxylin non-solvent, the dyestuff penetrating the undidations of the 
embossed pattc'i'n. j)olishing off the dyestuff not in the embossing, 
and tlum i)ressing the sheets to an even and smooth texture the 
embossed patterns, it is claimed, are brought out as a beautiful and 
permanent design, which before jrressing was hardly perceptible.^ 

Printing in Colors. Very beautiful effects in multicolor print¬ 
ing arc i)ossiblc on celluloid sheets, by a process closely resendrling 
Ifio attachment of transfer ])ictnres (metachi'omaty’pes). The pictures 
in inverted succcs.sion arc first ))rinted in colors on thin, smooth paper, 
after whidi the surface is coated with a heavy water-solubhi jnucilage. 
The sheets of )u'ctures are then attachcil to the jilastic, firmly ])resscd 
in by means of heat as well as force, and the mucilaginous layer softened 
by water, wdien the. bticking may be readily detached, leaving tlie 
pictures im])resscd in the ])liistic mass. 'I’liey may be further protected 
either by ])laciiig a thin traus])arcnt celluloid sheet over the face by 
heat iiiid rolling, by varnishing the surface, or simply passing the sheets 
through healed rolls, to further press the imitrinl into the pyroxylin 
base. If bronzes or aluminum in imitation of gold and silver have 
been used in the jiriiiting process, some method of lu’otectioii is neces¬ 
sary in order to ])reveut metallic particles fiuni becoming detached. 
W'hei-e the i)ictures are covei'od with a celhdoi<l sheet, all tarnishing 
from exposure to the atmo.s])here is obviated. 

In t he Schumacher j)rocess,3 the well-know'n character of a water- 
color painting is closely imitated. The different colors are produced 
in the pictures by washed tints, dissolved in any slowly evaporating 
celluloid solvent, thickened so that the colors do not run too much. 
The ink is laid on the surface of as many t.ransfer sheets a.s there are 

1. TI.iS.P. -117727, ISSt). Accorilitif' to the metliod of F. Meyer, the pattern 
is priiitc<l on paper in the u.sual ttiaimer, usina an ink solutile in a solvent of cellu¬ 
loid, The plastic in a thin, transparent sheet is welted l)y the mutual solvent, 
the printed jiaper pressed aKain.st the softicncd celluloid surface, the ink hciiiR 
transferred to the plastic. By turning the sheet over the print appiMirs positive 
through the transparency. If ditficulty is experienced i)rinting on such a thin 
■sheet, a heavier tihx-k of celluloid may he used, and after the transfer of the design 
the sheet may be shaved off. 

2. See F. Sommer, “Treatment of (Vlluloid for Printing Plates," Pap. Z., 1003. 
(2), 28, 3012; Lahorde and horifer, “Weather Proof (telluloid Signs,” Erfind., 1003, 
30, 4'IH. “Manufacture of (lelluloid Signs," Z. Du-chsler, 1003, 26, 302. for trans¬ 
parent printing on celluloid, see Craph. Mitt., 1003, 22, 91. “Celluloid Signs,” 
Doerr, Am. Apoth., 1000, 21, 121, "Printing on Celluloid,”'Freie K., 1001,2.3, 10.7, 

3. E.P. 3342, 1801. 



CELLULOID AND THE PYROXYLIN PLASTICS 


745 


colors to be printed, these sheets being made preferably of unseasoned 
celluloid in order to produce that indistinct and blurred effect char¬ 
acteristic of water colors. The several tints are then transferred 
from this surface (if a number of impressions are to bo taken) to an 
unimpressionable grained celluloid surface, prepared as described 
in the previous topic. The i)rinting surfaces are next coated with 
a gum, solution, dried, washed off and rolled up in the usual way with 
transfer iidc. The different colors are finally printed from these pre- 
])ai'ed surfaces in register to corresjwnd with the colors of the original 
])icture. In the preservation of indelible or waterproof pictures, the 
jji'ocess of iM'ance' may be followed, which consists in simply rolling 
the picture between two celluloid sheets, very thin and transparent. 

(lolored designs may be directly transferred to celluloid by means 
of a combination of heat, pressure, and st(!am. Any water-soluble 
pattern, as the choa]K!r calicoes, may be readily transferred to cellu¬ 
loid - by simply iiressing the moist, calico upon the jJjToxylin surface, 
))a.ssing through a steam bath with pressui'e, whei'eby the celluloid 
is softened, the jjattern dissolved and transferred and pressed into 
the moldable substance. The calico must be detached immediately 
upon leaving the bath and before the j)lastic hardens, or the cloth 
will be found fii'inly imbedded in the latter. 

Factitious Lithographic Stone. In the art, of lithography, 
as is well undei',stood, the surface of the stone from which the impres¬ 
sions are .to be taken must lu'ces.saj'ily possess such an affinity for 
water that the jiarts unalTecfed by the greasy design to be jirintcd 
will rmain enough moist uie after a wet sponge or danipciiing roller 
is iias.sed over the surface to effectually rctxil the ink during the ink¬ 
ing ju'ocess and thereby confine it to the design. Ordinary celluloid 
has been ])ro])osed as a suitable base for the jiroduction of a dc.sign 
as printed in lithogra])hy, but the untreated surface did not give clear- 
cut designs. .1. Stevens has devised a method of treating celluloid 
surfaces to tidiijtt them to this class of printing, the process being as 
follows: 

Tire surface of a pyroxylin plastic plate is so changed that it will 
resemble the Solenhofon lithographic stone in its water-absorbing 
properties, which is jwssible by pre])aring ti celluloid containing a 
large percentage of some water-tibsorbent, whiting, chalk, terra 

1. J. France, E.P. 20004, LSSO; .-tmlcra and Elliott, E.P. 17012, l.SflO: ahst. 
J.S.C.L, 1801, 10, .180. 

2. E.P. 0874, 188(1; M. Lefferts and J. Hyatt, U.S.P. H48222, LSSO; .\. Rciisinger, 
II.S.P. 383272, 1888. For producing colored ornamental designs upon pyroxylin 
plastics SCO J. Edson, tI.S.P. 417727, 1880. 

3. U.S.P. 550380, 1800. 
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albil, barytos, and ospocially that, fonn of ( lay coinmonly used by paper 
iiiakore as an a(lult(!rant and cidled “ paper clay.” * Best results 
are obtained by loading the celluloid to the limit with the clay, which 
is to the point of brittleness, it being found that the maximum of 
clay is about 200' „ of the weight of pyroxylin. The celhdoid plate 
is formed (jf a well-seasoned sheet of this clay-containing pla.stic, 
about /(. in. thick ground down perfectly level ^ and attached 
to an iron base of sufficient strength to impart rigidity to the whole. 

Th(( following three solutions arc rc(|uired: (1) gum arabic and water 
ecpial parts; (2) jxdassium sulphide eijual {laits;'^ castile soap 1, 
water (i (all paits by weight), (.’i) In lithograjdiy the two general 
lirocesses to wdiich the stone is sidijected are (1) cutting the d((sign 
into the surface or engraving, and (2) a])])lying t.he design in ink to 
the surface of the stone, which would include crayon, stipple-pen 
work, and transferring. To ((repam the plate for engraving, the 
surface is iiolislu'd with a mixture of e(iual volumes of the above 
thrcic solut.ions mixed t.ogether. After a c(mtact of about ^ ten minutes, 
the Holut.ion is washed off with wann wat(‘r, when the surface is I'eady 
for engraving, and can be inked and the impressions taken in the 
usual manner. In case thii dc^sign jn'ints too heavy or the plate smears 
easily, it should be tr(!ated again with the three mixed solutions con- 
laining jxitassium suljdiide, the operatoi'’s cxpei'ience with the natural 
stone being the best guide. 

1, Paper clay is said to lip prpfprablp on account of its cheapness, sinootliness, 
freedom from grit, and in addition i.s an excellent water-rcpcliant in oombinalion 
witli ct'lluloid. 

■J. The nature of tlie .surface, wliether grained or otiierwise, is determined, 
as in the ease of ordinary lil,liogra[i!iic stones, liy tlio cliaraeli'r of (lie work t.o lie 
peiformi'd. 

:i. Solution (1) Is made by thoroughly mixing tlie gum araliic with wal,er, allow¬ 
ing to stand over niglit, and tilteriiig througli Jiaper, or more readily .straining 
tliroiigli eiieesi'clolli. it. may be jireserved by tin' addition of a .small amount 
of [iluMiol or jiassing sulplmr ilioxide gas through. Sugar, gelatin, glue, Iragacanlli, 
egg allmmen or nuieilage may be used in.stead of the acacia. No. 2 is jirepared by 
dissolving the. snipiiide in wati'r, allowing to .stand until t.lic sediment lias deposit(sl, 
and di'canliiig the supernatant, light yellow lii|nid. Ttic strength and purity of 
th(' sulphide will modify the amount, to be n.sed. .No, 2 is made by dissolving the 
soap, cut ill small pieces, in j)referal)i,y distilled or otlicr .soft water. A similar 
process lias ixsai patented liy Le llov (U.S.P. ITti.rUi, 1.S.S7; lAP. 177.'>21, IS.Sti; 
Helg. 7tSU2, bSSd; .Span. P. dated .Nov. 13, bSSfi; Aus.-llung. P, dated Nov. 
1, ISSO. 

4. Tlie purfiose of using tlie surface solution is to so affect the celluloid on all 
tliat portion of the plate unprotecteil liy tlie design t.iiat it will absorb water and 
repel ink. This resiiUs in rendering l.lie celluloid surface capalile of retaining ('iiongli 
inoistnri' wlien a wet sponge or dampening-roller is jiassed over tlie surface to kee]i 
tlie jilate from l.akiiig ink on those, port,ions of tlie surface whicli do not liavo tlie 
design upon them. T'lie projier strength of solntion to use on the celluloid surface 
without destroying the work is rather a matter of .jndgment witli the operatcr, and 
it. resembles in tliis respect the nitric acid soiution used on tlie .stone in tlie ordinary 
proco,ss. SiKlium sulphide, potassium sulphocyanide, eliromic acid or liarium per¬ 
oxide are considered less efiicient than potas.sium sulphide. 
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In the second clasH of W(jrk, the design is cith('r drawn or trans¬ 
ferred upon the surface in the ordinaiy way, and dusted with powdered 
asphaltuin, talc, or other suitable protective powder, d'he surface 
is then brushed with the coinl)ined solution, but containing h’ss sul¬ 
phide, as the design Ls eaten away when the action is too powei'ful. 

Celluloid Printing Blocks.' The ])rincipal advantage.s in the 
reproduction of woodcuts by means of ciilluloid, arc the plasticity of 
the material when wai'iu and its impressionable sui’face upon cooling. 
The first ])ro])erty enables it to penetrate intimately the nunut.e and 
iiitricaite im])ressions of the i)atterii block, and the latter the abilit.y 
to receive a large number of im])ressions without seriously interfering 
with the legibility of the cut. Cclhdoid cuts are .said to be superior 
to electros on account of the alwenceof the intervening layer of graph¬ 
ite, and to better stand the pi'essure in (luick-running presses. The 
method adojrtedis to ])ress a composition of hot, soft celluloid u])on 
a negative matrix of a harder celluloid composition not so readily 
softened by heat, the variation in softening of celhdoid being due 
to the nature and j)ro])ortions of solid solvent present." Pressure 
is usually a])])lied by placing the sheet in a hydraulic ])ress, when in 
ten to fifteen minutes’ time, the softer celluloid will be found to have 
been forced into the finest parts of the mold. .\ celluloid })rinting 
block is said to yield from SO,000-1 r)l),0t)0 inqu'cssions of satisfactory 
clearness. 

Celhdoid stam])s, while durable, arc not sufficiently elastic to com¬ 
pete favoi'ably with rubber. .Aniline, ci'esol and other con.ctitueuls 
of rubiK'r stamping inks attack celluloid arid rubber alike. 

Pyroxylin Labels. Labels intended esjiecially for use upon 
druggists’ or chemists’ bottle.s are often made of glass, and in round or 
rounded corner bottles, it is neccssarv to have the glass of .an angle 
corresponding clo.scly^ to that of the bottle or the label does not fit and 
.sooncomes off. In order to obviate the.se inconveniences, 11. Lansing^ 
lirojio.ses to use celluloid labels prepiwed as follows: (Pig. 2.')S). 

\ sheet of transparent celluloid Ji is ])lac('d u[)on a sheet of glass 
.1, and held by the mucilage The marginal lines I) and /)' indicating 
the outside and inside size of the label, are filled in between with size, 

1. Ill this connection see Print, liog.. ISSO, 2((, -tS; Amies, Piipior Zlg., 1,S98, 

23, 1). Ifnclnlr. Ztg., l.Stl.S, 2.'i, (II; Z. Drcchsler, l.s't.s. 21, ISl. V’olkincr, 

Phot, (tori'., IS'.tt, '221; Hausen, Z. Roprod., “7; Prcic K., KKJ.I, 2", 

211; Hclllich, Zahiitcch , 1,S,S(I. 1 ‘22S. 

2. n. bichtcriliorg-Mailscii, E.P. g.'i.Il!), ISOd; 11131, IdOl; .I.S.C.l., 19(10, !t, 461. 

3. The negative matrix is niolilcil from llie original design by pressing homo¬ 
geneous vulcanite or ebonite. previon.s|y softened by heal, n|i<in the original. For 
de.scri|)tion of eelhiloid printing iiloeks. see Sonnner and Fricdi'ich, Papier Z., 1903 
28, 3042; also (1. Fisher, J. lluchdr., 1903, 70, 091. 

4. U.S.P..613791, 1891. 
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fiolcl or foil as shown in the shaded portion of 3. The foil or gold 
leaf is then varnished over to secure it, the dried slu^et cut up into 
sections of individual labels, a backing of very thin, llexible paper 
la'ing attached, the latter having first been inintcd with the desired 
label. After drying, the label is wanned and attached to the bottle 
l;y means of a small amount of ])yroxylin lac<iuer. Hottles contain¬ 
ing celluloid solvents are unsuited foi' a label of this natui’e on account 
of liability of the fluid running down the side of the bottle during 




Fm. 258.—Process of Making Pyroxylin Labels, .tccoriiing to Lansing. 

pouring out and thus dis.solving out the printing or rendering if 
illegible. The blank is finally trimmed into the desired shape. 

Commercial Names of Pyroxylin Plastics. Celluloid, pyralin, 
viscoloid, xylonith, lithoxyl and fiberloid are the names of the morti 
important pyroxylin plastics produced at present in the IJnittal States. 
I.ignoid, a combination of cellulose nitrate and camphor, was produced 
in the United States at Newburyport, near Boston, Mass., about 1880. 
Fibrolithoid is another name for xylonite. Coi’aline, coroline, coralline,* 
is a material composed of shellac, pyioxylin, and camphor, first manu- 

1. Dcacrilmi ill E.P. 2512,1875, V. Smith, ami E.P. 2072, 1SH2, T. & W. Nicholls. 
For (IcRcription of a substitute for celluloid called ''luarloid” s<t Am. Apoth. Z., 
HKM), 21, 75; for “ boroid ” see Electrician 11)1(1, G5, and “ ccllulide," I'M*. 
413152, 1910. For " cclloliiie,'’ of H. Recscr, soo Elect, luiiginoer, 1S09, -l-l, 30S. 
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fai'tured in the United States, about 1877, i)y Volney Smith of Sehe- 
nectady, N. Y., and is an attempt at imitating celluloid. Artificial 
jewelry was first made by this firm, esjjecially imitation coral, fi'om 
which fact, it may be inferred, the plastic received its name. Chro- 
lithion, manufactured by the Chrolithion Uollar and Cuff Company, 
of Maine under James Libbey, ceased to exist about 1SS3, as the result 
of adverse litigation with the Celluloid Company, in regard l.o the 
validity of early ])yroxylin plastic collar and cuff patents. Celloidin 
and ])hotoxylin arc purified cellulose nitrates and ai'O not jdastic. 
Collodine, cellodine and collogen are casein and gelatin compounds 
containing no pyroxylin. Camphorated collodion is the old name 
for pyroxylin plastics. Sticking plaster, li(]uid cuti(d(!, ether glui?, 
and fluid skin are names for light-flow collodions. Maisin ’ obtained 
from corn and various grains by T. O.sborne and others has been used 
in combination with celluloid.^ Whalebolinc ■* is a combination of 
vegetable fibers and gelatin coutaining no niti ocidlulose. Eburite, 
vidcanite, and ebonite'* arc rubber- and gelatin-containing })roducts. 
Artificial rubber products from nitrocellulose and celluloid have been 
described at length and detail in certain works, but their practical 
value is nil. There has, as j'et, been no product prod\iced with pyi'ox- 
>’lin alone or in condjination, which possesses sufficient extensibility to 
coir>l)ete in a satisfactory ineasui'e with rubber. While celhdoid is 
I'lastic and resilient, it does not i)ossc‘ss t he property of elongation upon 
st retching. “ Solid fiber ” is a trade name for a product analogous to 
celluloid, controlled by the owners of celluloid. Coroline ^\as at one 

1. J.S.C.T., 1002, 21, MOl, 1518; 1003, 22, 810, OBO; 190.'!, 21, 853. Extracted 
from maize by amyl alcohol, 

2. L. Desvaax aTul 11. .tllairc, E.P. 3SS0t;7, lOOfi; First .tdditioTi dated May 
0, 100.S; Second Addition dated Mar. C, WOO; D.R.l’, 207800, 1<)08; E.P. 

1008; abat.,I,S.C.l., 1002, 21, 110-1, 1518; 1003, 22, 810, (HjO; 1005,24,8.53' ItlOS, 
27, 873, 10.82; Chem. Centr., I'.I03, 11, 372. Maisin is a vesetable protein belonKiiu; 
to the amidine Rroup, other members being gliadiii, gluten-librin, mneedin, zein, 
^uancale, etc. All arc soluble in alcohol and a celluloid niixlun' eontainiim 50 
parts of nilrocelhilose. and 25 parts ot c.ampbor may be milled with 50 parts of 
an 'imidinc previously moistened with alcohol. 

3. (i. 1‘helps, U.S.1’. 251731, 1881; abst. ,l.S.('.l., 1882, 1, 113, for method 
of preparation. 8ee also tlreeniim, E.P, 8142, 1880, abst. .l.S.thl., 1887, 11, 510, 
tor method ot making artificial wlmlebonc by nitrating cellulose, and adding colo¬ 
phony, benzoin and castor oil, 

4. Eburite, according to its inventor, 1’. Justice, E.I’. 9BB5, 1888, may Ix' jiro- 

pared in the following manner: mixture is made of 100 parts of paper |iulp, 

containing about 50% of water, with ,80 parts of blood. Tlie mass is well kneaded, 
rapidly dried and pow'dered. 100 parts of this fiowder are mixed with .SO parts 
of blood, 1 part of pow'dered rosin, and 1 part of linseed or other oil. It a pale- 
colored product be desired, the serum of blood may be employi'd amt to the mass 
may be added cither casein, white of egg, gelatin, glue, starch, dextrin, or siiitablc 
gums. To inercaae the hardness a small percentage of silicate of soda may be added. 
The material may be molded into any desired fonn. It possesses greater hard¬ 
ness than some wood, does not soften under heat, and is not rendered brittle by 
cold. See also E.P. 364504, 1906; J.S.C.I., 1906, 25, 906; h'.?. 369797, 1906. 
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time called roue peai’l. Pulveroid is papei- covered with sheet celluloid 
intended for indoor signs. 

Pergamyn, ccllulosc-slimo, or gelatinous cellulose, is simply ordi¬ 
nary cellulose beaten into fine fibrilla;.’ This is j)roven hy both 
the microscopic^ and chemical c.vamination of the product. It was 
not found possible to separate the gelatinous cellulose from the sid- 
phite cellulose fnnn which it was jirepared. The two materials con¬ 
tain about the same amount of water-soluble matter, but there is less 
pentosan and methjd-pentosan in pergamyn than in sulphite cellu¬ 
lose. The same sugar (.\ylose) is obtained from both Icy hydrolysis 
with sul])huric acid. The presence of gums in the original material 
is not essential to the fonnation of pergamyn. Xyloidins ai'e forms 
of cellulo.se nitrate jcroduccd by treating cotton with nitric; acid alone.^ 
Ivoirinc is a gelatin zinc-white mass, ivoryinc and ivorine being 
early names for pyroxylin plastic'. 

Pegamoid'* is essentially a ])yroxylin plastic siiiular to celluloid 
and xylonite. The existence of this material commences with K.P. 
19710, taken out by J'\ C). AuiiLson in ISill.^ Annison, who was a 
lithographer and printer, was endeavoring t.o obtain some mat.erial 
to waterjn'oof posters and exterior signs, his c'laim being “ for imju'ove- 
ments in the treatment of })ai)cr, linen, and other fabrics apjclicable 
to the manufacture of show bills, cards, ])osters and wall dec'orations.” 
His method was to take strong material, jeaper or c'loth, and apply 
several coatings of xylonite or ivoryine in solution, and whic'h, when dry, 
were passed through hot friction rollers to further jeenet^rate the fiber, 
and produc'e a smooth and ijolished surfac'c. If printed mattc'r was 
to be used on paper, more uniform results were t.o be had by aiiplying 

1. H. llofinaii, Papier ZtR., 31, 11011. Sec (Iiaptcr I. 

2. (!, Ilac'iiSHC'rmann, Z. tics. Kcliicss.-u. .Sprciiftstollwc'scii, liKKi, 1, tiO; Cliciii. 
Cenli'., 1!I(K), 1, IPIfi, This .'cub.stanrc is procliicecl icy troatiii)' 10 am. colteti- willi 
2 k. of nitric acid (.sp.pT. 1.17:1) iit 10-12°; the lioncy-likc m.'is,s produced liciiif; 
allowed to stand for twenty-four hours at the ordinary temperature, filtc'red through 
Rtm-cotton and pourced i'lto water. The xyloidin which sceparates is washed free 
from acid and dric'd. It fonns a white powder with a somc'what greenisli t inge, which 
decomposes at lO.W with a slight explosion, but when igniUsl in the' air burns fairlv 
rajcidly but cjuictlv. It dissolves gradually in glac'ial acetic acid, but only swells 
in acetone and c-thyl acetate. The product obtained by treating it with'.sodium 
hydrosulphidc or ammonicmi hydrosulphide dissolves while moist almost com¬ 
pletely in a 10% solution of sodium hydroxide, hut can be repreeijeitated from 
the solution by acids, .salts and alcohol; it also exhibits the other characteristic 
properties of acid cellulose. (Sec .I.S.O.I., ISOi), 18. 040). 

3. For additional infonnation .see Farbcr Z,, 1004, 40, l.oO; Ferenezi Z 'mg 

Chem., 1890, T)!; ,\m. .•\polh. Z., 18!)9, 20, 9.3; Bottler, “Practical Aiipiicatioris 
of Pegamoid,” Ibid,, 1899, 2(;, 1; befevre, “Technical .Application.s of Pega¬ 
moid," Mon. Text. Ind., 1897,12, 077; “ Pegamoiding," Sonne, Chem. Tech. l.Sti.s 
If), No. 24; “ Applieation.s of Pegamoid in the Textile Industries," Ind.’Text ’ 
1898, 14, 91. ■' 

4. U.S.P. 508497, 1893; Reissue No. 11467, 1895. 
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thin pegamoid slicets to the printed paper surface. Where j)ai)cr 
was used, in order to increa.se the pliability of the coated product, 
numerou.s indentations in the shape of parallel straight lines with 
others crossing at right angles were cut in the obverse side of tlie 
coated paper.* F. W. Oliver made notable advances in the use of 
pegamoid, and devised a method of waterproofing paper caitridges 
and cartridge cases ^ by pcganioiding the pajjcr with pyroxylin plas¬ 
tics, thus cementing two sheet.s of heavy paper together. Judging 
from the advertisements in Explosives Journals, the watcrpi-oofing 
of cartridges is an important branch of ])egamoid usefulness. 

Oliver’s next i)atcnt •* wa.4 for a pegamoid ])aint—a heavy bronzing 
liquid in combination with ahiminuiti,* a zinc white enamel for knife 
handles, brushes and bicy<'le.s; ® watciproofing belting, .sole leather, 
and carding cloths;® and for the waterproofing of fabrics. The water¬ 
proofing was accannplished in tbe usual manner—by applying a plurality 
of semisolid pyroxylin coatings to cloth, and drying between each 
application. The preparation of “ pulveiioid ” and cry.stalloid ” 
signs and posters in the Ibiited States is similar to the above, in 
that a pyroxylin plastic i.s inteiposed between the printed jiapcr and 
the atmosphere, to which the wntorju'oofing effect is cs.seutially due.^ 
“ (ilorid,” used extensively in France as a waterproofing material 
for umbrellas and parasols, appears to bo a pyroxylin plastic similar 
to the above. 

Properties of the Pyroxylin Plastics, including celluloid, pyralin, 
zylonito, xylonite, ivoryine, coraline, pasbosinc, Arlington paste, pyran- 
tin, partsiue, fiborloid, viscoloid and the other trade names by which it 
has been known arc sonmwhat as follows, depending ui)on the method 
of formation. Of the numerous definitions of celluloid to be found 
in the litei'at.urc, many of them arc based on the erroneous supposi¬ 
tion that celluloid i.s mainly used to produce artificial ivory, .such, of 
coumc, not being the case. simple and comi)rehensive definition 

1. The English corporation known a,s Pegamoid J,t(l., was floated in ISflfi and 
took ovar the hilsint^ss of the P. Papers SyndicaU', the P. Wall Hangings .Syndi¬ 
cate, the P. Leathers Syndic.ate anil the Pnlilisliing, Advertising & Trading Syndi¬ 
cate, nil Ltd. Later, companies were formed in other countries, the American 
branch being now out, of existence. 

2. E.P. llfiOO, LSiM. 

3. E.P. 17747, l.S1)4. 

4. E.P. 10103, 1.S06. 

5. E.P. iniOl, ISOf). 

fi. E.P. 1010.'), LSOfi; U.S.P .77S3l').j, 1S07; ()0]027, 002707, ISOS; the essential 
claim a.s a coating material for the preparation of artificial leather lies in the presence 
of “c.amphor or sulistitiito therefor.” 

7. For development, of Pegamoid in U. S. .\. see India Uuliher World, .Ian. 20 
and Nov. 1, 189S. This periodical, ISOS, p. 31, contains an article by the late 
P. T. Austen, on pegamoiding banknotes to render them more durable and 
waterproof. 
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of celluloid, pyralin, and similar products is: “A combination of the 
cellulose nitrates- with camphor or other body iinpartiug plasticity 
to the mass.’’ 

When properly prepared, celluloid cannot be caused to cx])lode 
liy heat, fi'iction, or percussion. When brought in contact with a 
llame it burn.s more rapidly than paper, cani])h()r distills off, much 
free carbon is evolved, and the residue continues to smolder after 
being extinguished, the nitrocellulose undergoing incomjilete com¬ 
bustion. Celluloid dissolves in warm, moderately concentrated sid- 
])huric acid, but is carbonized by the conccntrate<l acid or by an 
elevation of temperature. It is readily soluble in acetit: acid, more 
so as the acid becomes concentrated. Apjiarently an acetic acid 
solution of celluloid may be ke])t for some time without decomposi¬ 
tion. Kitric acid dissolves celluloid w-hen not too concentrated, but 
acid of 40° B(j. decomposes, causing the evolution of nitric oxide fumes. 
Acetone, amyl acetate, methyl and ethyl acetates, the higluir ketones, 
certain dclitiuoscent chlorides in alcohol, and an alcoholic solution 
of cam])hor, naphthalin, acetanilid and certain other bodies, are 
capable of dissolving celluloid preirared from low nitrogen-containing 
l)yroxylin. A hot concentrated solution of. sodium or jxitassium 
hydroxide dissolves celluloid with ease. It is stated that ether dissolves 
out the cam])hor from celluloid without taking at the same time any 
cellulose nitrate. This is true only when ether free from alcohol 
(a commercially rare ]iroduct) is u.sed, as small amount as 4'',', alcohol 
(this amount being permissible in U.S. Pharmacoj)CEia, VUl, iithei') 
being sufficient to act as an energetic solvent for the celluloid. Those! 
analytical jrrocesses for extracting (!ainphor from celhdoid by ether 
show a wide divergence of results, no doubt justly attributable to the 
alcohol present in the ether employed. Benzine', benzene, toluene, 
xylemc, anel pyrielinc elksolve the caui])he)r from ce!lluloid without 
at the same time extrae-ting the e-ellulo.se uiti-ate!. When iin ae-elic. 
ae'iel solution e)f cedluloiel is eliluteel with water, both camidior and 
pyroxylin are ])ree'ipitatcel. The ash ejf cclluleeiel I'angees frenu O.S' 
to the amount eif pigment ine!e)rporate!el, which may be -is high as GO',, 
by weight. Celluloid is usually easily recognizeel by the .slight, eideir 
of camphor, meere pronoune-eiel if the surfae-e be slightly se-iiit-e-hed m 
scraped. Nearly all the ceemnicrcial cclluloiel now ])roduce(l beceemejs 
soft, plastic, anel easily merlelable in water under the bejiling jK)int. 
Chle)rofonn, carbem tetrae!hloridc, ae-etylene tetrae-hloride, and penta- 
e'hlejre'.thane all elissolve e!amphor but ne)t celhdose nitrate'. Dichlor- 
hydrin and cpichlorhyelrin ’ elissedve some fonns of e-ellukeiel ace^orel- 
1. Chem. Ticii., 1004, 28, 210. bi experiments with iiilrateid paper the author 
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ing lo H. Flemming. The specifie gravity of celluloiil containing no 
pigments differs aciairdiiig to the ratio of camphor and cellulose nitrate, 
the degree of sea.soning to which it has been subjected, and the degree 
of pressure or length of mastication in its formation. It will usually 
come within the range of 1.3-1.5. The tensile strength of celluloid 
is very great, and approximately equal to that of good wood. If 
the elastic yielding strength of soft iron be ])laced at 20,000, and that 
of wood at about 1,100, that of celluloid n^c.che.s about 140-200 per 
sq.mm. It is a bad condwdOr of heat and electricity. 

A great deal of experimental work has been done on the decom¬ 
position of pyroxylin plasti(^s, their liability to ignition and the prod¬ 
ucts of combustion.* W. Will ^ has made investigations with celluloid 
and celluloid articles, as well as with celluloid prepared by himself 
from stabilized nitrocellulose, for the purpose of determining its liabilil.y 
to ignition and explosion. From the experimental results obtained 
he has shown that celluloid of good tpiality is a comparatively insensitive 

fimml that only about 3 % was dissolved by hot arayl ac(!tale| while dichloriiydriii 
dissolved ten times as much. In th<i latter case a clear solution wa.s readily obtained 
on warming, but a solution containing 10 gm. of the nil roeelluloso in 50 gm. of solvent 
underwent some decomposition when heated, giving off nitrous furiuw and becom¬ 
ing more liquid. The solution could be diluted witli alcohol. A slnvilar partial 
denitrification of celluloid was observed. When finely cut pieces of eelluloid were 
warmed with 100 g.m of diehlorhydrin, solution readily iKjcurred at 100°. When 
0 gm. of celluloid were present (temperature 140°) red fujnes were evolved, which 
increased until 27 gm. had been added, and subsequently decreased. As the concen¬ 
tration of the solution incri'ased. Ihc. color Ix-came darker, but the temperature 
should bo keiit belowtheboiling-|)oint of diehlorhydrin (170°). A concentrated solu¬ 
tion (100 gm. in UK) gm.) solidiiied instantly on the addition of amyl acetate, benzene, 
or opichlorhydrin, anil was readily miscible with linseed oil fatty acids. The addi¬ 
tion of alcohol to the solution caused a separation of the celluloid. 

1. The more important are incluiied among the following: Kockel, Viertel- 
jahrschrift f. geriehl. Med., lOOd. 2(1, 1; i’fyl, 2. analyt. Chem., 1!)07, 1(1,1.50; Busch, 
Ber., 1!)1)5, .■()(, ,S(il; Ilarcourt, Uliom. Soc. Quart. .Tour. L5, 27(1; Berz. Jahrsb., 
ISOl, 16!); Kehalfer, Dissertation, Munich, U)()(i; Beck, Arbeitcn a. d. Kaiser- 
lichen (icsundheilsamte, l!)()!l, (1) 30, 70; Uelluloid Industrie, 1!)01, 3, 10; Supple¬ 
ment (o ti. Z., 1!)()1, 11 , 10, I’or .solubility of celluloid in e|)ichlorhy<lrin, see 
Flemming, Chem. Ztg., 1!H)4, 2S. 21:i; I’harm. Centralh., )!)04, 4.5, 74!). 

2. 2. ang. Chem., UKXl, 20, 1377. Will has shown (2. ang. (!hem., 1906, 20, 
32) the variability in conqiositions of celluloid by the following five analyses: 



1 1 11 

HI 

IV 

V 

Nitrocellulotic. 

61 S!l 73 70 

71.43 

73 SO 

71 SO 

C’ampUor. 

32 .36 ' 22.7!) 

27.31 

21 30 

27 (M) 

other material. 

2.25 3.51 

! 

1.21 

1,90 

1.50 


He determined the velocity of combustion of strips of powder, celluloid and paper 
under similar conditions and obtained the results 1;2:1(), The complete com¬ 
bustion of celluloid developeil 3!)(H)- 46(K) calories, which is not far from that of 
brown coal (4001) cal.) or air-driisl pine wood (45(K) cal.) However, the quantity 
of heat developed in a given unit of time in the former case in consequence of the 
five-fold greater velocity of combustion is much greater. 
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Hubstancc. Shocks, blows, friction, electric sparks, or heatiiif; t-o 
100° neither if;nite it nor cause it to exj)lo<le. Some samjiles, however, 
ignite or cxirlodc at such low temperatures as may I’cailily obtain in 
the neighborhood of electric arc light lamps, or other sources of heat. 
This defectiveness may be due to either the use of unstable nitro¬ 
cellulose in making the celhdoid, or to the employment of too high 
a temperature in molding nr jiressing it into the desired shape. The 
author suggests that it ma}’ be ncccsary in order to insure the produc¬ 
tion of stable articles to adojrt in the celluloid industry the precau¬ 
tionary methods in-cvailing in the manufacture of nitroexjrlosives. 
Celluloid which is liable to decomposition at a comparatively low 
temperature may be detected by the following test; 0.1 gm. in small 
irieccs is jdaced in a lightly corked test tube and immersed in an oil 
bath previously heated to 100 °. The temperature of the bath is kejjt 
uniform by means of a stirrer and is raised steadily at the rat-c of 
5° per minute. The point at which the sample fumes off is observed. 
Samples that do not fume off below 100 ° when so tested may in the 
author’s opinion be regarded as satisfactory. Some decomposed 
as lo\v as 1 °. Compact celluloid burns without explo.sion, but'cel¬ 
luloid dust can be ignited by ])uwertu! electi'ic sjrarks, and can exjrlode 
when ignited. The explosions which sometimes occur during fires 
in which celluloid goods are involved are most probably due to the 
gases given otf by the burning mateiial. Tims the atithor finds that 
when celluloid i.s heated in absence of air or with an insufficient 
supply of air the gases evolved are rich in CO, CH 4 and 11 and when 
mixed with widely varying propoi-tions of air, or with an instifficicnt 
supply of air, form explosive mixtures; burned with insufficient air, 
celluloid also evolves much NO and a little HCX. In fire extinguish¬ 
ing oiieralions the [jre.sence of these three pois(jnons gases must not 
be lost sight of. 

J. Brohn ' has recorded I’csearches made by F. Oervais in the labor¬ 
atory of the Mini.stry of Finance, in St. Petersburg. Oervais' con¬ 
clusions are as follows; ( 1 ) Celluloid wares, I'emaining in contact 
with heat at 100° decompose sjioutaneously. (2) This decom])osi- 
tion is a(;companicd by evolution of heat, which may rai.sc the tem¬ 
perature much above the original source of heat, but will not cause 
ignition of the goods, (d) The temperature may, however, raise 
high enough t(j cause the packing ])ai)er to smouldcu', and in the ])rcseiic(! 
of air, to take fire. ( 1 ) thlluloid goods inflanu; only when brought in 

1. Z. atiK. tdicrn., lUO."), l!t, For the cclliilnid suldtilule (if E. Roiixc- 

villc see H.S.F. K.S1,S27, ttlOS; F.l>. :t7(12(i!l, I'KMi; K.P, lliO'i.'i, 1007; ahst. .I.S.O.l., 
IU07, 2(), !tS8. For “Spontaneous Ignition of Celluloid (ioods,” sec Obst, Z. 
Dreschler, 1S05, 28, 127. 
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pontact with a vigorously burning body. Smoldering wood, or a 
red-hot wire or glas.s rod, will not inflame them. In the eourse of 
the research, the ignition temperature of vailous celhdoid articles 
Was determined at from 855-457°. 

.\n elaborate 81 page nionogi’ai)h on the jjroduct.s of the explosion 
atid (leeom])osition ol celluloid has boien ])ul)lished ^ by B. l^fyl and 
r. Baseni ck, in which they call attention lo the fact that the fires in 
celluloid factories within the past few years have in nearly all instances 
rcsidt('d iti ];oisoning by the fire gases. The authors consider that 
the chief sources of danger arc the j)roducts of ex])losion of celhdoid 
forinotl at a relativ('ly low temperature. Two series of experiments 
were carried out. lir the first, celluloitl was heated until explosion 
(i.e., sudden evolution of gas) took jflace, in a tube filled with carbon 
dioxide, nitrogen, or air at atniosphcih^ pressure, or in a vacuum over 
mercury; while in the second the celluloid was burned with, as far 
as possible, avoidance of e-xjilosion. The products of, explosion of 
celluloid, with exclusion of air, consisted chiefly of carbon dioxide and 
monoxide, nitrogen, nitric oxide, hydrogen cyanide, acrolein, and 
camphor; oxides of nitrogen other than nitric oxide wore not fomied 
nor were hydrocarbons and hydrogen. 100 gm. of eelluloid yielded 
17-lS 1. of gas, stable at the ordinary tem])craturo, and consisting of 
1-7 1. of earl ion mono.xide, 7-01. of nitric oxide, 8-41. of carbon dioxide, 
and 0.5 I. of nitrogen. 100 gm. of celluloid yielded 0.7 gm. of hydrogen 
cyanide, excluding a small (piantity fixed by the acrolein. By cx])l(,- 
sion of celluloid in ])resence of air, nitrogen peroxide was formed in 
place of nitric oxide, and this reacted with the acrolein to form strongly 
reducing compounds, |}robably hydroxykimine derivatives. In presence 
of a suliicient (piantity of air, and with small ((uantities (jf celluloid, 
the [iroducts of explosion were identical with those of complete coni- 
liuslion (carbon dioxide, water, and nitrogen); no hydrogen cyanide 
or carbon monoxide was produced on burning 1.2 gm. of celluloid. On 
burning celluloid with a restricted supply of air, larger quantities 
of hydrogen cyanide were jiroduced than in the explosion of celluloid, 
]()() gm. of celluloid yielding about 1.2 gm. of hydrogen cyanide.^ 

In studying the flameless decomposition of celhdoid A. Panzer''* 
heated the jilastic by an elect ricall,y heated wire touching its surface, 
in a vessel from which the air had been removed, till decomposition 

1. Arlicitcn a, d. Kaiscrlichcn (lcsiiiiillicit.samt.c, 1009, 32, 1; abst. Chem. 
EciUr,, 1909, II, 703. Sec Voialit, "Stability of Cetluloid," Z. ant;. Cliem., 190,') 
18, 2002. 

2. for hydrogen cyanide as a product of celluloid combustion, sec Kochel, 
Viertelj., gcr. Med.. ItlOH, 2(), 1. 

8. Z. ang. ('hem., 1909, 24, 2'29. ISS.l; ab.st, .I.S.d.T., 1909, 28, 1001, 1001. For 
solubility of celluloid in acetone see Meii. Wschr., .It,. 2039. 
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set in. The current wa.^ then switched off, the decomposition allowed 
to continue, and the products were examined. It was found that 
24.8'^'i, of the weight of the celluloid was obtained as gaseou.s proilucts, 
and remained behind a.s char<a)al or coke; the remaining 58.4% 

of lifiuid and solid ])ioducts of distillation could be only partially 
collected, owing to the difficulty of condensing them. The charcoal 
was found to be, or to become when veiy gently heated, pyrophoric. 
The fires which have from time to time arisen in celluloid factories 
have very probably been caused by decomposition of the celhdoid, 
followed by ignition of this jryrophoi'ic charcoal. The gases consisted 
of (by volume) nitric oxide, 51.1 fl,; nitrou.s oxide, 5.5%; carbon dioxide, 
G.S'h; carbon monoxide, 30.9%; hydrogen, 0.9%:; nitrogen, 4.S'!(,. 
'fhe liqiud products consisted very largely of camphor and nitric acid, 
very ju'obably the whole of the camjdior contained in the celluloid 
jiassing over as Kachler’s camidior nitrate, 2C|oIli6b)-haO.'i- Po.ssibly 
the explosion.s which have occurred during celluloid factory fires are 
caused by this substance or the products of its decomposition by heat. 
Eurlher investigation is, however, necessary.' 

Celluloid Substitute 2 according to J. Thornton and C. Seymour, 
consists essentially" of a process for manufacturing a transjiai'ent 
substance by ilksolving the aluminum .salts of fatty acids with a 
suitable volatile solvent—such as benzol, coal-tar, naphtha, benzolin, 
or other similar light hydrocarlxm—and drying or .solidifying in the 
presence of heated air. 

In carrying out the invention the alumimmi salt of one or more 
of the fatty acids in luiwdercd form is taken and treated with a volatile 
solvent until the material a.ssuiues the consistency of a heavy plastic 
mass. It is advantageous to mix two or inore fatty-aciil salts and also 
to add an alumimnn salt of resin acids, and for this purpose employ 
alundnum oh'ato, aluminum stearate, and aluminum resinate. The 
following formula may be taken as an example of suitable propor¬ 
tions of the materials: ahnninuni oleate, (i parts; aluminum .stearate, 
‘1 parts; aluminum resinate, 1 part; benzol, 100 parts. The male- 

/ 

s./ 1. The heavy smoke coTitaiiis eombustilile jruses which form explosive mixtures 
with air, and are the cause of the dreadofl (‘xplosivc flame {Ktichjlamme) in tires. 
It is this which prevents the firemen from eiiterini:: a room where the flameless decom¬ 
position is taking place, and compels them to restrict their activity to extinguish¬ 
ing surrounding objects set on fire by the flame. The carbonaceous residue must 
be reganJed as a decomposition prcxluct of tlic nitrocellulose of tlie celluloid. (k‘Ilu- 
loid dust is not explosive even in oxygen, aiul the specific phenomenon of the burn¬ 
ing of celluloid must be attributed to its flameless decomposition, f^ee also Panzer, 
Z. ang. Ohem., 1910, 23, lO-SO. 

2. For general article on celluloid substitutes, sec India Rnblier, 1S99, 17, 83. 

3. U.S.P. 054088, 1900. For " Tinproveinent of (’elluloid by Addition of Resin.s,” 
see J. Zalmheilk., 1900, 15, 188. 
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rials are well mixed in a kneading-ma(^hine until a homogeneous 
viseous mass is obtained. The mixing may be done oold or at the 
ordinary temperature; but it is preferably and more rapidly effected 
at a temperature of from 30-50°. The material in the viscous state 
is then spread out into thin sheets or films, molded into blocks or 
other form, oi- rolled into sluiets. l'5jr the production of flexible 
transparent films, such a,s emj)loy(‘d for ])hotogra])hic jrurposes, the 
viscous ma.ss is flowed or spread out onto flat slabs oi' tables of glass, 
sufruutmt of the volatile .solvent having been added to reduce it to 
the desired consistency to s])read itself into a very thin film. 

h'or the manufacture of molded blocks or slabs or for the pro¬ 
duction of thin sheets or films by rolling out, the material the same 
([uantity of the alundnum salts may be used with a less (juantity 
of the solvent, using oidy .sufficient of the latter to enable the powdered 
salts to be blended in the kneailing-machine. The pro|)ortion of t.he 
solvc'iit may Ix' fi’om 20-25 ])art.s by weight, the quantity being as 
small as practicable to redui'e stt far as i>osHible conf.raction during 
di-ying. Afhu' the s])reading of the com])ound thus formed it is dried 
at a teni])erature of from tO-55" in a current of warm air, to carry off 
the volatile solvent. For treating fabric or pa])er to rendci' it 
walei'proof the viscous mass may be aj)])lied by means of a spreading- 
machine, or the com))ound may be reduced to a liquid state by the 
addition of a gieatei' ])roportion of the solvent and applied by a roller. 
A harder and less Ilexible material may be made by increasing the 
projroi'tion of the resiiiate oi' stearate of aluminum or by the substitu¬ 
tion of ])almitate of aluminum for the stearate. The, molded blocks 
may be furt.her ju'essed into any di\sireil fornv or sha|Ki by means of 
suitable dies, or the material may be cut, turned, or otheiwise manip¬ 
ulated when solid. 

In the p re) )a rat ion of this conijmund it is ])referred to use the salts 
of oleic, "tearic, or jialmitic acid, t.o which may be added a small (pian- 
tity of the salts of resin acid. This substance is cheaper to irroduce 
than celluloid, will not ignite on healing, does not expand, contract, 
or cockle when [Ttaced in water and dried, may be made flexible or 
brittle, as desired, and is a non-conductor of electricity ajrplicable 
for insulating purposes. 

Celluloid Substitute of H. Assadas ' is pre))arod by charging 
two covered stoneware ]rots with jmre paper cellulose contained in 
a “ basket ” of acid-resisting material. A charge of mixed nitric and 
sul)3hui’ic acid is then run into one pot and nitration jrroceeds, with 
exclusion of light and air, at the, temperature of a water bath in 
1. F.P. 387.5.37, 1907. 
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which the pots are imnieracd. This pot is then raised ))y a pulley 
and connected by ineiins of a pipe with a funnel in the lid of Itie other; 
the s]5cii1, acid is tapi)ed off into the second pot, into which a fresh 
charge of acid is run through the funnel. The two pots are then 
disconnected. The nitrated cellulose is em])tied from the first pot 
into cold water, a fresh charge of cellulose juit in, and the nil.ratiing 
operation re])eated, the position of the pots being reversed. The 
niti-oiadlulose is washed, dried, and mi.xed under pressure in a steam¬ 
er wati'r-jacketed autoclave, by u.siug ap])ropriate solvents in desired 
proi)ortions wit.h either: («) hyi)o])hosphorous acid alone or com¬ 
bined with baryta, and the sulphide, sulphite, sulphhydi-ato, or thio¬ 
cyanate of aluinimim, potassium, etc.: or (h), ])hosphoric, acid with a 
.small quantity of ammonium or barium carbonate, aluminum thio¬ 
cyanate, and castor oil. To either of these, resin, instead of camphoi-, 
may be added. Suitable pro])oitions of the above are given. If 
rosin bo added it is desirable to use a little more castor oil, or other 
fatty body, <»' a liciuid hydrocarbon. The colorless pasty material 
so obtained may be worked up into the foniis of threads, etc., by means 
of a suitable iiress. 

Formaldehyde-Phenol Celluloid Substitute.s, Bakelite and 
Resinit. The early history of the reaction of jdienols and alde¬ 
hydes was of theoretical rather than of commei'cial interest.’ In 

1. A. Bayer (Bcr., 1872, lS8(i. 1i), .3004, :i00!); 1,802, 25, 3477; 1801, 

27, 2411) first, (tcscrihcd the reaction of plicnols and aldehydes. With the a<lvenl 
of cheap coininercial formaldehyde, Klccberg (Ann., 1801, 2(13, 283) took >ip the 
subject and prepared masBcs with forinaithdiyde and phenol in conjunction with 
strong Ht'l, but they were uncrystalliiiable. Arthur Smith (E.R. 10247, 1800) 
endeavored to obtain a moldal)le compound liy modifyitiK the energy of the reaction 
by tlic introduction of a non-reacting diluent, methyl or amyl alcohols, subscc|ucntl.v 
claimed (D.K,]’. 1121185, 1800) as assisting in the i-eiiction. A. I.uft ((J..8,P. 735278, 
ltll)3; D.R.l’. 140552, 1002) incori)oralcd both glycerol and camphor in attemiit.s 
1,0 obtain a pln.'^ticity C(|ual to that, of celluloiil. Higher phenol-alcohols, 
i.e., saligenin, if heated alone or with aci<l.s, give partial anhyilrides such as aaliretin 
(Beilstein, OrgaTi. (.them., 180(1, 2, 1100) and homosaliretin (R. Piria, Ann., 1843, 
4S, 75; 1845, Wi, :i7; 18,52, 81,245; 1855, !•('), 3.57; Moitessier, Jahrsb,, IS.SO, fi75) which 
ar(' both higher anhydrides of similar eharjuder. The first results by the action ()f 
sulphuric aciil on saiigmiin, the latter by the action of acetic anhydride. lor 
methvlsaliretin (homosaliretin) set' (t. Scht>tten (Bcr., 1878, II, 784); trisaligenosal- 
igenin (K. Kraut, Ann., 1870, 15(!, 123; (ierhanlt, Ann. ('him. Pliys., 1,843, (3), 
7, 215); heptasaligenosalig('tun (Hedstcin and P. Seelheim, Ann., 1801, 117, 83). 
,\. Sjrcycr (I).R.P. 00570, 1807) f>roduces an antiseptic which gives olT formalde¬ 
hyde. lie treats naphthalin, resorcin or pyrngallol wit.h formaldehyde and ammonia, 
producing an insoluble powder which rea<lily liberates CIIjO and Nil,. See hexa- 
methvlcneti'tramin (Wold, Ber., 1880.1(1,1892; Tollens, Bcr.. 1,884,17,053; Moscha- 
tos .and Tollens, Ann., 1803, 272, '2.80). F. Bayer & Co. (D.R.P. 201201, 1007) use 
o-cresol to produce an odorless shellac substitute, while L. fjrognot (LI.S.P. 8111430, 
1008) adds glycerol in the reaction mass, an<l subscq\ienlly distills it off. Knoll 
& (to (EP. 28(K)0 1907; Swiss P. 40004, 1007) use swlium sulphite as the con¬ 
densing agent, ami (D.R.P. 22‘24.53, 1008, Addition to D.R.P. 214104, 1008; F.P. 
307051, 1008; ll.S.P. 0G58'23, 1010; abst. .I.S.C.L, 10(H), 28, 803) hastens the 
hardening of condemsation of products of j)hcnol.s and aldchyiies by diluting the 
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1902' L. Blumer boilod fonnaldnhyde, phenols and an oxyacid (prefer- 
al)ly tfytai'ic), obtaiiuTis a fusible, alcohol-soluble resinous material, 
which he proposed as a shellac substitute. The next year E. Fayolle ^ 
introduced f?lycerol w'ith the sulphuric acid used as the condeasing 
agent, and thereby obtained a ])lastic product, but one in which the 
glycerol could be dissolved out by hot water. In order to imitate 
gutta porcha,-’ jutch and oil were added, but the final product lai'ked 
resiliency. 

In 1905 W. H. Htory ^ received patent protection for a process 
for making a sidxstitute for ceiluloid, ebonite and horn, in which com¬ 
mercial j)licnol (.lO parts) or an ecpiivaleiit (piantity of another jdienol 
is boiled with 40',’,', formaldehyde solutioti (40 part.s), for about eight 
houi-s in a vcs.sel provi<led with a reflux condenser. The jiroduct 
is then rapi<lly concentrated at a temperature somewhat above 100°, 
and poured into molds, when it hardens on cooling, and forms a trans¬ 
parent mass. If an opaque product is desired, a small quantity of 
a metallic salt or a fatty oil may be added; the product may also be 
colored by the addition of a suitable dycsttiff. While the s\dwtancc 
is still viscous, it may be dissolved in an organii! solvent, the solution,s 
ser\'ing a.s vai'iiishes. When it h.as hai'dened it is stated to bo insolu¬ 
ble in all solvents, and not attacked by alkalies or acids, excepting 
fuming niti'ic acid. Story gave to his ])i' 0 (luct, the name “ resinit,” 
as a sohddc .synthetic resin, which however, became ])la.stic and 
moldable upon the application of heat. 

The soluble and fusible resins of de Ij.aire'^’ result from dissolving 
phenol in caustic alkalis in molecular proportions or condensing [ihenols 
with aldehydes in the presence of acids, in a manner similar to that 
previously described by b. Ledorer '* and Manas.se." 

In 1909'' L. Bakcland described methods of condensing phenols 

acids employed willi sucli substances as are miscible with the condensation products, 
HMuh as ethyl alcohol or glycerol. \j. Sarason (D.R.P 211)r)70, 11)08) produces 
e-mdensation products of formaldehyde and phenols by acting with sulphur 
dioxiile on a mixture of formahlehydeand i.-^olated phenols. The reaction proceeds 
much more quietly than with IKU and the reaction products are con¬ 

siderably cleans and readily solulile in caustic alkalis ami most of tlie volatile 
solvents. 

For formaldehyde-albumin substitutes, see W. Slmller, D.U.P. 220403, 1000. 

1. F.P. 12SS0,‘l»02. 

2. V.]\ 330.584, 1003; First Addition thereto No. 2414, dated Feb. 8, 1904; 
Second .Addition thereto No. 2485, dated Feb. 18, 1004. 

3. F.P. .341013, 1004. 

4. E.P. SS75, 1005; F.P. 34530S, 1004, abst. 1004, 23, 1233; F.P. 

353005, 1005; D.K.P. 17.3000, 1005; ,Belg. V. 210005, 1008. 

5. F.P. 361.530, 1005; E.P. 15517, 1005; D.U.P. 180262, 1005. 

6. Jour, prakt. Ohem., 1808, 50, 224. 

7. Bor., 1804, 27, 240!1; U.S P. ,520786, 1894. See also Bayer & Co., D.R.P. 
85.588, 1806. 

8. Bakeland, Jour. Iiid. Eng. Chem., 1000, 1, 140-161; 1010, 2, 478, 404; Trans- 
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with formaldehyde, in which two entirely dilTeront classes of resinous 
])i'oducts result, depending on the conditions and pro])ortions of the 
reacting bodies. I'he first class Ls soluble in alcohol, acetone, or 
similar solvents, and in alkaline hjulroxides. Upon heating, they 
melt and solidify upon cooling, apparently without undergoing change. 
The second class, formed by continued heating, is generally infusible 
and insoluble substances, although by modifications of the process, 
ilie ])lasticity and solubility may be varied within comparatively wide 
limits. The infusible modifications—to which the name Bakelite 
has been given—may be produced directly in one ojieration by the 
inti'i'action of formaldehyde and phenols, or may be produced in two 
])hases- in which the incomplete reaction gives viscous products 
soluble in alcohols, glycerol, camphor or phenol, which upon further 
heating or elimination of solvent gradually changes into the final 
01 ' insoluble product. There is a final drying treatment in which the 
solvent is driven off, and the transformation into insoluble modifica¬ 
tion completed. Chemically, the typical condition of formation of 
Ihikolite may be considered to result in the formation of polymerized 
o.Nybenzyl-methyleneglycol ardiydride. Its various industrial apitlica- 
tions—which have been covered by patent yinitection*—are along the 
lines of electrical insulation,“ manufacture of imitation amber article,s 

.Vm. Eloctrocliem. Soc., IflOil, 15, 5fl3; EIcctroclicm. Met. Imb, 100!), p. HI; Jour. 
I''riink. Inst., IIIIO, KiS, l'’or pulcraical lictwcpn Re.sinit and Bakelite, see li. 
behiich CResiiiil) Z ang, Chern., ItKW, 22, l.n'.tS; Bakeland, ibid., 22, 20(Ki. 
See Weekly tkiiusulai' and Trade Re]ii)rt, Ma^ 7, 1910, p. 447. and Sejit. 1, lillO, 
p ()(iS, for consular reports on Resinit. 

1. Bakeland, U.S.I’. 9;i9906, 94IB(M, 942699, 942700, 942,SOS, 942S09, 942852, 
949071, 9.54666, 9,571:17, 1910; E.P. 21.566, 1908; abat. J.S.C.l., 1909, 28, 374; E.I’. 
;186627. 386628. 1908; First Addition tlicreto dated ,lan. 22, 1909; abst. .I.S.C.l., 
1908,27,6.80. Jap.l’. 10247, 1.8600; .Vlex.P. 8179. 

2. Coils can lie impregnated with the liquid material, and (hen sulimitted to 
hardening by the application of heat and pressure, so as to imbed the wires of the 
coils in a hard, iiifitsiblc, insulating mass. 

The specific electric resistance, dielectric strength, mechanical strength, maxi¬ 
mum working temperature, etc., of Bakelite vary considerably according to the 
nature of the compound. For instance, compouniis with aslrestos will stand con- 
sider.ably higher tomperature.s than those made with woial fiber. The latter are 
more adapt.ed to turning, sawing .and .all purposes where great, toughness is required 
Bakelite compounds containing asbestos withstand very well high-pressure steam 
even if the latter be at a tcmiierature of 200°. Pure Bakelite electrizes by friction, 
w'hich denotes high dielectric jiroperties. 

Asbcstois-Bakelitc insulators do not show sttch high dielectric constants, but 
are very well adapted for voltages not exceeding say 40,0(X1 volts. They have 
the considerable advantage over shellac or rubber insulators that they do not 
soften by heat and are con.siderably stronger. 

Bakelite compounded with wood pulp shows higher dielectric strength on 
account of the fact that wood pitln docs not contain disturbing materials, like 
iron, which is always present in asrxistoa. On the other hand, such wood fiber 
Bakelite insulators cannot well be used where the insulators are submitted for 
long periods to temperatures above 150°, but they resist water and steam, oil and 
solvents. 
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in which it comas in direct competition with the pyroxylin plastics, 
and as a covorinf!; to resist the action of chemicals ami solvents.' 
One of the iutermedialo forms of Hakelite is licpiid, and is stated to 
be suitable as a wood-impre»natini>' medium - or as a lacquer.^ 

Formol-Albumen Celluloid. The Societo Anonyme I’Oyon- 
naxienne has utilized commei'cially the property of formaldehyde to 
I'oagulate albumen in the fiu'ination of plastiit bodies. Either egg 
or blood albumen moist or dry, is brought into contact with formol, 
('ithcr in aqueous sohition, or by means of the vapor in closed receptacles. 
-Vfter the formol has thoroughly i)enetrated the albumen, the insoluble 
mass is filtered, washed free from aldehyde and dried at a temperature 
Ixdow 10°. Thus obtained the product appears as a transparent, 
cormams and structureless substance, which loses its transimrcncy 
ami becomes oiiatpio on pidvcrizing. 

Heforo use the forinol-allntinen is reduced to a fine uniform powder, 
and thoroughly sifted to render it homogeneous. The product is then 
mixed with water or alcohol i)y being ground between edge runners, 
and while moist is added to ]iyroxylin and canqdior ground together 
in the usual method of celluloid formation. When the three ingre¬ 
dients have been ground until indistinguishable by the naked eye, 
the mass is place<l in air-tight contaimu's, alcohol sprinkled over, 
and the usual conversion of jjynnxylin into plastic carried out. The 
(juantity of formol-albuineii which may be ,adde<l with safety is variable, 
being diminished according to the (piantity of camphor, 

Streubel’s Vegetalin. (Vlhilose is first immers('d in sulplmric 
acid of .5S-(i2° Be. until entii'cly disint('grated, the mass being kept 
at 20° or lower. It is next centrifuged, waslied with water to neu¬ 
trality, dried and intinnitely mixed with a resin soap ,au<l an aqueous 
solution of aluminum sul])hatc. The mixture of hydrocelhdose and 
aluminum lesinate is thoroughly milled, dried, and pressed into 
blocks and othei- forms hydraulically. By softening with water, the 

1. In ils final staRi’ it is liani, infiisililc, and insnUihlc; it then resists all solvpnt.s 
and almost all chemicals; it stands temperatnnss as high a,s 1100° or over; at the 
temperature of melting glass, it is destroyed and eliars, without entering into fusion; 
it is charred by boiling eoneentrat<‘d sulphuric acid and by nitric acid; it is also 
iittacked by bromine, but it stands very well chlorine and hydrochloric acid ami 
cold sulphuric acid; boiling dilute’ sulphuric uciil has no ('ffi’Ct on it. tVrtaiu vari¬ 
eties can be, made to stand hoi caustic acid solutions. 

Mixed with mineral subst-ances like asbestos, its resistance to heat is considerably 
increased. In unmixed condition, it may appear as a perfectly transparent amber- 
colored substance, which is much stronger and more resistant than am1)cr and 
can Ik; turned and poli.shed to a liigh (inisti. 

2. The liquid modification is used, which is afterward m.ade insoluhlc by heat 
and pressure. 

3. As an acid-resisting lacquer and litiing for chemical pumps and other appa¬ 
ratus. 
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mass may bo rcmokled or wheji thoroughly diy can be sawed or turned 
as wood. In properties it strongly resembles the zinc chloride- 
cellulose proclu(h.s. 

A. Chanard’s Celluloid Substitute * is ])re])ared by treating amyl¬ 
aceous substances with !iceti(^ aci<l and adding the ])roduct to a mix¬ 
ture of gelatin dissolved in water and resin dissolved in alcohol. The 
whole is then treated wdth fonnaldehyde. Eor instance, 100 k. of 
crushed haricot beams arc immersed for eight days in a 2 % .solution 
of acetii! acid. The ma,ss is then drained, iKuinded, and passed through 
a sieve. 'I'his paste is now ad<led to a mixture (a)nsisting of 5 k. of 
gelatin dissolvc'd in 20 1. of hot wuiter and 20 k. of rosin dissolved 
in 10 1. of turpentine. A small quantity of a suit,able antisciiti(r ma\' 
also be added. The product obtained is cast into molds while still 
hot, and after about eight days the molded sluqxis or objects arc 
immei’sed in a 10'solution of formaldehyde for from thirty minutes to 
two hours. Coloring matters, etc., may be added to the starchy iiuuss. 
The phistic. material obtained is non-inllammable and may be used as 
a substitute h)r eelhdoid, ebonite, etc. According to .1. Stocker and,F. 
Lehmann ^ products rc,sembling celluloid are obtained by heating 
together agar-agar or similar gelatinous substance, ca.scin, a wax, 
and castor oil or imppy-sccd oil. The agar-agai’ is dissolved in water, an 
alkaline solution of (casein added, the greater pai’t of the water evapo¬ 
rated, and the other components incoiporatcd with the hot mixture. 

R. Ortmann’s Celluloid-' is prepared by taking pyroxylin 1 k., 
mixed wuth 0.065 1. tui 7 )entine, 0.25 1. ether, to which 0.5-0.7 1. methyl 
alcohol is then aildcd and the mixture allowed to remain for twelve 
hours before being milled bet-wcen hot rolls. A'enice t.uqjentine and 
acetone are said to yield the best results, although any lurijcntinc or 
ketone may be used. 

Imitation Celluloid according to C. Hellriegel,'* comsists, 
instead of making articles entirely of celluloid, in using a foundation 
of paper, ])asteboard or similar material as required, which is then 
coated with a thin layer of pyroxylin in a centrifugal. It is then placed 
in a machine of special design and first hot and then cold pressed 
in molds, the working table rotating around a vortical axis in such a 
manner that the action of the press is continuous. 

1. E.P. 28.598, 1909; the Soc. indvistriolle dc Cellulose (D.R.P. 14310, 1902; 
F.P. 319.542, 1902) mix pyroxylin 100, amyl acetate 60, camphor 50, with dextrin 
100 (all parts by weight) which'has previously been heated with water to 70-80°, 
the water evaporated oil, and mixed with the pyroxylin above. 

2. D.R.P. 202133, 1907; ami First Addition, Dill.P. 222319, 1907; abst. J.S.C.I., 
1908, 27, 1174. 

3. E.P. .5280, 1904; F.P. 343404, 1904; abst. J.S.C.I., 1904, 23, 948. 

4. E.P. 22186, 1899. 



CELLULOID AND THE PYROXYLIN PLASTICS 


763 


“Improved” Celluloid of Tissier & Magnier* consists of 
mixing with celluloid jjroducod in the usual way, about 25% “crys- 
tallizablc ” gelatin dissolved in GO' alcohol with 5-10'% acetic acid. 
The celluloid substitute of J. Stocker and F. Lehmann,^ is a prepara¬ 
tion of seaweed with various oils and waxes and contains no cellulose 
nitrate. 

Casein Plastics. A number of combinations of casein with other 
materials ha.s been patented and their uses described, as witnessed 
by the processes of ,1. and W. Thieni as far back as ISGO,-’ and J. 
Fraucnbcrgcr,'* J. Steffens,® I'l. Childs,'* R. Mestaniz,^ C. Jung," W. 
Hall,® W. Kris( ho and A. Spitleler,*'' R. Hensen,*^ and others who 

1. F.l’. 3209151, 1902. The swollen gelatin is adileil logelher witli celluloid 
paste (nilT(K‘(diulos(^ and eaniphor) t.o 90% alcohol containing a little acetone. 
The mixture is warmed and kneuiled hot in the ordinary way. Tiur incorporal ion 
is hesl ]X'rfoi'ineil in a doseil autoclave iirovided with a stirrer, and in this case the 
alcohol and acetic acid can he recovered hy distillation. .See also E.P. 15355, 1S99; 
F.P. 319920, 1902. 

2. D.R.P. 202133. 1907; the process of F. Kohl (D.R.P. 114278, 1001) is simi¬ 
lar. 

3. U.S.P. 80710, hSOO. 

4. U.S.1’. 103939, 1874; 182431, 1.870. 

5. U.S.P, 307179, 307209, 1.881. 

0. U.S.P. 1090.53, 187.5. 

7. U.S.P. 3.53097. 1,880. 

8. U.S.P. 002441, 1900; see also 11. Dunham, U.S.P. 71708.5, 1902; 748709 
1901. 

9. U S.P. 03240,8, 1899; 019090,00131,8, 1900; 7.5,8001, 1904. 

10. U.S.P. 010,811, 1900; D.ll.P. 127912, 1902; Spitteler, D.Ii.P, 11,5081, 1,899. 

11. U.S.P. 010020, 1,898. See Rottland, “(.'olluloid and Uaseiii,” Rev. iiid., 1900, 
It7. 3,50 

12. 11. Catlielincau and A. Fleury (F.P. 354912,1905, and First Addition thereto 
dated .Itrne 5, 1905) prepare a plastie which can he cut into sheets, strips or jilates, 
by treating caKein witli a phenol (as earholic acid and thymol) in which is di.ssolved 
camphor and celhilo,se. F, Cantu, (i. Miglioretti and ti. Mallei (E.P. 1100. 1901), 
coat fabrics with ca.sein solut.i<ms which ttre afterwanl rendered iusoluhlc hy expos¬ 
ure to formalin vapor. 15. (Jotlsmilh (U.S.P. 015110, 1,898) fini.she.s articles having 
ahsorhent surfaces hy first aptilying a coat or coat.s of an aqueous ca.si‘i]i solution, 
and then superitosing one or more pyroxylin coats. The Casein Co. (E.P. 237.52, 
1903) de.scrihe priK'esses of comhining ctrsein and nitrocellulo.se hy mean.s of glacial 
acetic acid, camphor being added in small amounts. F. Lehreil and R. Desgeorge 
;F.P. '108,592, 1909) obtain a pliable product from ctusein hy treating it in an auto¬ 
clave at, a high temiierature with acetone and its homologties, the quality of the 
ju'oduct being modified hy treatment with lulric aci<l or henzetie. The Compagnie 
Franc, (lit (54hiloid comhines casein 100, alcohol ,50 ami urea acetate 5. .After the 
mass has swelled for forty-eight hours, it becomes thoroughly penetrated and is then 
incorporated with nitrocellulose. W, Stadler (D.R.P. 220193, l‘)09) adds aromatic 
hydroxy-compounds or their derivatives to solutions of alhuminoid.s containing 
formaltltliyde. F’or instance, ti sal isfactory product is stiid to result from heating 
SO parts of a 35'’!, solution of protalbin with 10 parts ,S-naphthoI to ,30-40“ for 
twenty-four hours, liy this process clear solutions of albumin are obtained, suitable 
for lacquers anil celluloid sulwlitutes. See also 11. Ucydonhauss, .A. Banhegyi and 
K. Glaser, F.P. 400139, 1909; U.S.P. 950352, 1910; '(). SchOnfeld, D.R.P. 85880, 
1,890; K. Schering, D.R.l’. 107037, 1,899; Gtiminiwaarcn Fab. Harhurg-Wicn, 
D.R.P. 11,5081, 1901; 141309, 1903; 117994, 1903; their product being called 
“Galalith.” This is arlilicial horn itrepared hy the action of formaldehyde on 
casein. Skim milk is treated with caustic alkali or alkali carbonate, the casein 
is precipitated hy addition of acid, pressed, impregnated with formaldehyde, and 
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followed them. In general, however, while these products had extensive 
industrial uses as vehicles for paints, adhesives, putties and similar 
uses, they did not enter into direct competition with celluloid on 
account of their extreme brittleness, and the fai^t that they did not 
become plastic on heating. WTiereas celluloi<i may be formed into 
sheets as thin as writing paper, the extreme thinne.ss of ca.sein sheets 
apirearing in commerce is ?> in. The elasticity, resiliency, and plas¬ 
ticity of the purely casein compounds have, therefore, been so inferior 
to celluloid for the usc.s to which the latter are especially applic¬ 
able as to enter but little into direct competition with the pyroxylin 
plastics. 

When compositions containing both ca.sein and nitrocellulose 
were proposed, and brought into solution by means of a mutual sol- 
c-ent as glacial acetic acid, i)roduct.s appeared which were moldidilc 
and workable under heat and in which there appetirs a considerable 
degree of platsticity. Ca.sein being incombustible, ,nuMure.s of th' 
hitler with pyroxylin decreased the inflammability of ihe p!a.stic. 
According to the process of I'l. I'Tantjuet’ the nitrocellulose—prepared 
according to any of tlie usual methods—is made plastii; with camphor, 
and to tlie mass is added an intimate mixture of casein which has 
Viecn ju'cviously treated with borax or sodium carbonate in aqueous 
solution tor twenty-four to thirty-six hours previously. The com¬ 
bined jiyroxylin and casein is then stccjied in alcohol after pressing 
out the water, until the casein becomes partially transparent, when 
the alcohol is exiu'cssi'd and the mixing continued to a homogeneous 
mass by means of masticating machinery. The ratio of casein to 
celluloid is approximately e<iual jiarts.^ The method of Barnodai 
is similar. In F.P. 331S1!), li)()3, egg or blood albumin is treated 

dried. This piHMluct lias repontly hecii used for the preparation of imitation tortoise- 
tihell, aiifl it is dUhcull to detect Ihe imitiition from the real malerial until it has 
been in use for a short time. L. Wolter ((Uiem. Zeit., 1900. ll) has found that 
treatment with fuminjj nitric acid aiTords a ready means of distinguishing “ galalith ” 
from tortoise-shell. A cutting of tlie material is lioiled with a few ce. of fuming 
nitric acid: “ galalith'’ yieltls a heavy yellow crystalline pow«ler, insoluble in water 
and the ordinary organic .solvents, while tortoise-shell dissolves almost completely 
with the cxcf‘ption of fine, transparent scales; on adding water to the solution, 
amorphous flocks slowly separate. 

B. (Joldsinith (IJ.S.P. %4901, 1910) prepares a thermoplastic compounil hy 
heating and combining cast‘in, formaldehyde and /?-naphtnol and pre.ssing the 
resulting mass. Instead of /3-naphtho!, a-naphthol, benzoic acifl. phenol, hydro- 
quinone, crosol, pyrocatechol. resorcinol, salicylic acid, urea, phtlialic acid, phloro- 
glucinnl. pyrogallol, aniline, tolukline or xylidine may lie used. 

1. Y.V. 312840, 1901; 317607, 1902; D.R.P. 138783, 1902; 139905, 1903; 
abst. J.S.(M., 1902. 21, 134. 

2. See II. Knsininger, P.P. 326.570, 1902, for similar process; P. Horn (D.R.P. 
153228, 1902) treats oa,s(‘in 100 in water 200, with potassium hydroxide 5-10, 
and sulphur 10-30. Lead or zinc hydroxide or potassium or sodium silicates are 
used as fillers. See H. Brooks, U.S.l*. 750018, 19fU. 
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with a 5-10% aqueous formaldehyde for an hour, the excess of alde¬ 
hyde removed by pressure and washing with water, the “ formylated 
albumin ” thus produced is dried at a temperature not exceed¬ 
ing 30° and mixed in the presence of alcohol with nitrocellulose and 
camphor. 

In the process of L. Bethisy and Soc. M. Rose & Co.,'' the nitro¬ 
cellulose is bleached in a solution containing bleaching powder and 
aluminum and magnesium sulphates and is then treated in the wet 
condition (40-50% of moisture) with 15-20% of a mixture containing 
crystallized zinc chloride, 75; a solution of citric acid (50) in 90' 
alcohol (100), 20; aspic (spike-lavender) oil, 5 parts; and if desired, 
also with some coloring matter. The mass is well mixed by grinding, 
pressed to remove moisture, and dissolved in the following mi.xture: 
amyl acetate, 26.7 k.; ether, 15 k.; 90''alcohol, 7.5 k.; glacial acetic 
acid, 0.8 k.; and a solution of calcium chloride in its own weight of 
90'’(, alcohol, 20 k. The pasty mass is allowed to stand for twenty- 
four hours in a closctl vc.ssel, passed between rollers heated to 00°, 
till it is of the proper consistency, then covered with a solution of 
gelatin, albumin or i)rotein in glacial acetic acid, again rolled, and 
foi’ined into the desired objects. L. Bondet’s composition ^ is pre- 
l)arcd of resinous material, 6 parts, in alcohol, 8 parts, and another 
solution of the same resinous material, 2 parts, in 5 parts of a vegetable 
oil; these two solutions are mixed. mixture is then made of 80 
jjarts of gelatin and 20 parts of glucose and dissolved in half its weight 
of 45'alcohol; 13-15 parts of the first mi.xture are then mechanically 
incorporated with 85-87 parts of the second, the milling o|ieratiou 
being continued for an hour at a temperature of 70°. I'his mixture 
is finally milled with about an equal weight of the ordinary celluloid 
paste, and rolled into .sheets. The casein plastics arc superior to cel¬ 
luloid in freedom from smell and inflammability, arc usually harder, 
take a higher ))olish, and possc'ss excellent insulating i)owcr. Their 
plasticity, however, is very feeble, and in this respect the jjyroxylin 
plastics are far superior. It is inqjossiblc to cut sheets ol galalith and 
the casein plastics thinner than about iV in., while celluloid may be 
planed in sheets of 0.003 in, and even thinner. Casein plastics have 
their greatest field as handles for knives and forks, combs, mirroi' 
backs and other water-insoluble atid rigid articles. 

Analysis of Celluloid ^ for most technical purposes may be con¬ 
fined to the detemiination of pigment, nitrogen, nitrocellulose and 

1. I'M*. 347:i03, im)4: F. Thomas (D.R.l*. 103S1S, 190,">) treats casein in 2'7o 
hydrocliloric acid witli F’i formaldcliydc witli a little Klyccrol. 

2. F.I*. 372500, lOtXi. 

3. For “Reactions of Celluloid," see Cell. Ind., 1003, p. 21. 
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camphor. The determination of dyestuffs and stabilizers is seldom 
made. The methods used for the determination of these components, 
which are as the same time sufficiently expeditious to admit of com¬ 
mercial use, arc as follows; 

1. Determination of Anh. Tf the plastic contains no pifrment and 
is transparent, the ash will seldom exceed I','?, and may be determined 
by filing or rasping the sample to coarse powder, weighing off 1 gm., 
adding this to about 10 gm. melted and purified paraffin in a platiiuim 
or porcelain crucible. Heat is gradually ai)])licd until the mass ignites, 
when it is allowed to burn with a withdrawal t)f the flame. Afterward 
the flame is applical and the ash heated to bright redness. The ash 
consists principally of ferric; oxide, jcresumably obtained from the 
iron machinery through which the plastic was forced to i)a.ss in the 
various stages of manufacture. If the ash is unduly high the pre.sence 
of sniall amounts of silica may be suspected from sodium silicate used 
as an antacid or mct.!dli(! salts of organic acids added for the same 
puqio.se. W'hcre large amounts of pigment are present a determination 
of ash by the above method may lead to too low results, due loathe 
ignition reducing coi'tain carbonates (zinc) to oxides. The so-called 
“ indirect method ” is preferable in su<;li plastics and consists in tak¬ 
ing 5-10 gm. celluloid raspings, placing in a Soxhletcxtraction api)aratus 
in a Schleicher & Schu(;ll fat thind)le, and extracting with acetone. 
The fat thimble being tamd, is niweighed after diying, the increase in 
weight corresjwnding to the jcerccntage of pigment iiresent. 

2. Determination of Solvent. An approximation of the aniouiit 
of solvent present is often dc.sirable as indicating the completeness 
with whi(;h the plastic has been seasoned. It is understood that 
nianufacturers do not attempt to entirely eliminate the solvent, but 
simply sufficient so as to produc.e a mininunn warpage. Any deter¬ 
mination due to loss in weight by heating can be but comi)arative, 
the accuracy being effected l)y the volatilization of (;ami)hor under 
heat. One method, satisfactory for commercial work, is to prepare 
a two gram sami)le by finely rasping the plastic, this being placed 
in a thin layer on platinum foil in an oven kept at 100° by active boil¬ 
ing of water in the outer jacket, the temperature being maintained for 
four hours. After cooling in a desiccatior, the loss in weight is considered 
as volatile solvents, careful experiments having shown that under 
the conditions above nanied the volatilization of camphor is about 
counterbalanced by traces of solvent still remaining in the plastic. 
It is necessary to sjiread the raspings out in a thin layer so that the 
elevated tem(5erature will not soften the camphor and cause a large 
number of particles to coalesce. 
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Determination of Nitrogen and Cellulose Nitrate. The 

method often suf^gcstcd of Rtirring a- weiglied (luantity of tlic finely 
divided celluloid by means of a i)latinum wire with cone, sulphuric 
acid in the cup of a Lunge nitrometer, the nitrogen being dotennined 
afterward in the solution in the usual way, is open to scriou.s criticism 
due to possible interference of the camjihor or carbonates, and the 
presence of urea, acetanilid or other nitrogen-containing stabilizer. 
To prevent interference from camphor, H. Zaunschinu ' suggests to 
dissolve a weighed quantity of the celUdoid in a mixture of ether and 
alcohol, and add a weiglied quantity of pumice stone or washed ami 
ignited asbe.stos, the mixture being evaporated to dryruiss with 
stirring. The mass is ground up, and the camphor, urea, etc., extracted 
with chloroform, in which the cellulose nitrates is insoluble. Then 
c.xtract with acetone;, eva])uratc the acetone extract to diyiuKS, and 
dis.solve this residue in sulphuric acid in the nitrometer in the u.sual 
manner. If zinc carbonate or other Ciirbonates are present, addition 
of sulphuric acid to the celluloid will evolve carbon dio.xide, which 
will increase the volume of gas in the nitrometttr, and give too high 
nitrogen results. To obviate itossibility of inaccuracy from this 
source, di.ssolvc the weighed sample in acetic acid, carbonates being 
decomposed, and oxalates not occurring in ciilluloid. The gradual 
addition of ton volumes of water to the acetic acid-celluloid solution, 
constantly stirring during the addition of water, causes a i)recipita- 
tioii of both camphor, urea and cellulose! nitrate, the caibonates chang¬ 
ing into the corresponding acetates, readily soluble in the volume 
of water present. The precipitate of camphoi' and p\'roxylin is sep- 
arat(!d by filtration, the filtrate washed witii water until practically 
neutral, and dried at lt)t)°. The filter is ne.xt placed in a Soxhlet 
extractor, and o.xtracted with ligroin or benzol, the camphor and stii- 
bilizer (if any) being dissolved out. The fared lilter after (hying is 
weighed again, the difl'erencc between the w(!ight of original sample 
taken and weight of residue not extracted by ligroin, giving the cam¬ 
phor, stabilizers and carbontdes jire.sent. The cani|)hor and stabilizer 
is determined in the ligroin extract, and the carbonal(!s in the a(iueous 
extract. The residue on the tared filt(!r is cellulo.se nitrate, which may 
be weighed, and then })laced in a nit.i'omcter for nitrog('U estimation. 
This forms an expeditious and faii’ly accunite method of detennin- 
iug cainj)hor, carbonates, (adlulose nitrates and niti'ogen from a single 
sample. Where paper pyroxylin has been u.scid in the plastic, the 
result will be about l].2'i<; N. in the cellulose nitrate. 


1. Chem. Zeit., 1890, 14, 905; abst. ,I.S.(!.I., 1800,!), 079. 
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Utz ■ (lelcniiincs the nitnigeii in celluloid by saponification of 
a sample with caustic alkali in the presence of hydrogen dioxide, all 
the nitrogen in the ('(dlidoid bcnng obtained as alkaline nitrite and 
nitrate. By acudifving and adding more hydrogen dioxide, the nitrous 
acid is oxidized quanlitalively to nitric acid. A solution of “nitron”” 
is then addeal, the nitron nitrate preciphating from the solution in 
cryst.alliTie form. The crystals are carefully dried and weighed, tlu; 
weight found multiplied In' 0.1 OS, giving the weight of nitric acid in 
the sample taken, the jn-ecipitate of nitron nitrate (ontainiug 3.74', 
of nitrate nitrogen. 

Determination of Camphor. Three classes of methods are, 
apjdicable for the determination of camphor in celluloid, as follows: 
(d) by the itolariscope; (h) by indirect analysis; (c) by means of the 
immersion refractometer.'® 

.According to method (a) as worked 'Out by F. Forster for the 
determination of camphor in celluloid, a quantity of the finely divi<led 
sample containing 2-3 gm. of canqihor is treateil hi a llask furnished 
with condenser and tajiped funnel, with sufficient 10',^ caustic syda 
solution to sajKmify the substance.'* The llask is heated to about 

1. bum. Ztg., I'.IOT, 7, 1(W; KIDS, \o. 2:i, Dec. 4. p. I'l. 

2. The Ihiuiil is ililiited with water so as to Iona a iiilrie, acid solution of .strength 
between l-ii'/,,; the solution is heated nearly to boiling and 10 drops 11)'.'/,, sulphuric 
acid and suflieient lO'/f, solution nitron in .V acetic 'leid added so llmt the latter 
is in c.xccss. Tlie inixtnro is then placed ni iee water for two Itonrs, the crystals which 
form l)cing collm’tcd on a lared filti'r, dried and weighed. .\ny crystals remaining 
in the jireeipitatlng vessel are rinsed onto tlic filter wifli a portion of tlie tiltrale. 
Till! filler and crystals arc waslicd willi d or 4 small ipiantilies of lec water, using 
not more titan 10 ce. in all. .\itron is l:l-dp)lieiiyl-;{;.')-endoanilo-4;."i-dihydro- 
l:'2:4-triazole, Ibi.llniAb, lieing sliiny, yellow leaflets or amorplions jiowder; m.pl. 
14!!° witli decoirii) 0 .sition; sol. m alcohol, ehloroiorm, aeet.oiic and etliyl acetate, 
diihenltly sol. in ether and insol. in water. In aleohol tlie snhstanoe [jartially decom¬ 
poses and turns red. See M. linscli, Her , lOO.'). oS. Slit; iiiist. .I.b.S.. 100.1, 8S, JI, 
2S'2; A. Gutiiicr, Zeit.. ang. (flieni., lOO."), IS, 104, ahst. .f.(tS., lOOo, S8, 11,418; 
M. Busch, .1. pr. ('.. loot). 11, 74, 1:4:4; aiist. .I.b.S., 4007, 02, i. '2.10; J. I.itzcndorlT, 
Zeit. ang, Cliem., 4lK)7, II, 2200; al)s4. .f.4’.S., lOOS. 04, I, 1:40; linscli and Blnnie. 
liiid., 1008, 12, :t11: t'. i’aul and (langlinftT, Zeil. anal, ('hem., 1000, 48, 545; ahst. 
,I.C.S., 1000, IW, 7.10. 

■J. Utz, (i.Z.. Mar. b>, 1007, p. 11; Cell, bid., 1!I07, 2, .1:}. 

4. Ber.. bSOO, 20, 2081; ahst. .I.S.C.I., l.sot), 0. 1150, See also E, i.olt, (i.Z.. 
Oet. '20, 1000; .V. .'\most, (i.Z., 1007, 8, Oil, from Z. .S'alir. (leonssm., 100(4, 50,2; 
ahst. 1007, 150. lie mixes li gm. finely shredderi celluloid in an Erlenmeyr 
flask with 100 gm. 25% canstie soda sohitioii, shakes freituenlly during an iiour. 
.4 two-holc rnlibcr stopper is tlicn inserted, Ihrongli wliosc openings a gla,ss stop¬ 
cock funnel and a generating tulip is fitted. The latter is connected to a condenser 
and the contents of the flask liealed to nlxait 80° until complete sa|ionification 
lakes place, and tins may ho recognized by entire disintegration of the celluloid 
to an opalescent, uniformly thick solution. Tile heat is then increased and the 
camphor distills over. Alcoliol in small amounts is introduced into tlie flask by 
means of the separatory fninicl, and heating cuiitiiiiicd until no more camplior 
passes over. The condenser consisting of a 100 ec. flask, is then filled witli alcoliol 
to tlie mark, and tlie amoiiiil. of camplior dis.solved (liereiii determined as follow.s. 
In the apparatus shown in i' ig. 2.10 the part /d is filled to the mark 00 liy means 
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S()° until siiponificiitioii is complete, when suffi(uent strong alkali is 
added to raise the amount of NaOH in the flask to 10'''o. The contents 
of the flask are then diluted to about 250 cr.. and 
distilletl until the distillate has no camphor odor. The 
condenser is consieoted air-tight with the reiadvcr, and 
shouhl have a second orifice fitted with a U-tube con¬ 
taining a known volume of benzene, to intercept any 
uncondensed caiui)hor vapor. When all the camphor 
has ]riisBed over, this benzene is added to the total 
distillate, and enotigh more added to bring the total 
volume of benzene to 25 cc. The camphor is then 
dissolved in the benzene by agitating the contents of the 
receiver, the latter separated from the water, brought 
to a tempei'atun! of 20° and the optical activity 
observed in the polariscope. According to Forster the 
specufic rotatory ])ower of camphor in benzene is 
+ 39.755°-fO.17251 I, whereby +40.11° at 20°. 

.Vccording to Landolt’s fonmila +55.4°-(a Xy) 
where q Ofiuals the number of gm. solvent in 100 gm. 
solution, the value of a varying with the solvent and l>eing 0.1372 
for alcohol and 0.1032 for benzene. 

With method (h) the camphor may be separated as described uiuh’.r 
(a), and the distillate e.vtracted with petroleum other,' the increase 
in \'olume of the ether being the measure of the camphor content, 
assuming each increase in cc. of fluid is equivalent to 1 gm. camphor. 
Or the camphor may be determined by dilTereuce by precipitating 
the nitrocellulose from a given weight of celluloid in acetone solution 
by means of ammonium chloride solution-and deducting this weight 
from the original weight of celluloid. 

of a lonn-slcm funnel with acidnlmis water (15 ce. sulphuric acid, 110 cc. water, 
and a trace of some aniline <lye to color), then .add 10 cc. of the above-nhtaiued 
alcoholic camphor solution and .50 cc. iietroleum ether. The apparatihs i.s then 
closed with a rubber stopper, shaken vijrorously for two minutes, lelt Htandiiii!; 
for 110 minutes at 15°, after which the increase in volume of the petroleum etheu 
is reail oil. .As a definite contriwlion occurs the alcoiiol-camphor solution with 
water, the followins correction is necessary: A blank determination is run by 
distilling the same volume of alcohol and caustic soda solution, determining the 
alcoholic content of the distillate by means of idcoholmctrical tables and then 
.Hiding the same ainouid. of petroleunv ether and observing the contraction wliioli 
takes place, .\most obtained 91).B% of the camphor introduced hy distilling 
in this manner for three hours. It must be remembered that the reading of camphor 
is by volume, while the sp.gr. of camphor at 1.5° is 0 ‘MS. 

1. Utz, (i.Z., lilOS, 8, No. 2 : 1 , Doc. 1, p. 19; 1907, 7, ,53. 

2. II. Dubowitz, (’hern. Zeit., 1906, 30. 036; abst. (I.Z., 1906, 6, 26. lie shakes 
2 gm. finely shredded celluloid with UK) cc. ticctone in a 1.50 cc. flask, until the maxi¬ 
mum sohition takes place. .Acct.one is then adiled I .0 150 cc., and 100 cc. taken 
for the iletermination of nitrocclhilosc, the remaining 50 cc. being .sliakcn with 
25 cc. of an 8% ammonium chloride solution in the cold. The precipitate funned 
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In method (c) the camphor is quantitatively extracted from fine 
celluloid shavings by nieans of light petroleum ether boiling at 30—10° 
in a Soxhlet ajjparatus. The solvent is evaporated olT by means of 
a current of cold air, and the residual camphor dissolved in pure methyl 
alcohol to 100 cc. After bringing the solution to the standard tem¬ 
perature of 17.5° its refractive index is detennined by means of an 
immersion refractometer.’ By the aid of the sidijoined table, the 
camphor content can be deiluced from the refractivity, N being the 
refractometer leading of the solution, and n, that of methyl 
alcohol. 

Determination of Temperature of Ignition. In connection 
with the Heat Te.st (see Chapter XVIII) is of great value as indicating 
the stability.- The author is unaware of any recognized method 
for this determination. Satisfactory results arc obtained by taking 
0.2-0.1 gm. of the finely divided .sample, in a test tube and determin¬ 
ing the heat of ignition, using the Tagliabue Flash Tester for lubricat- 

is separated by pivpcr filtration or throilirli a (looch cnieihle, the catniibor dissolved 
from it by wasliinn witli a mixture of ecpial parts .ammonium ehloride solnOon 
anil acetone, after wtiieli it is waslied with alwoliite alcoliol. Tlie nndissolved 
portion is tlion dried to constant weinlit at 1)1)“. Tbe, asli i.s determined directly 
by ignition. Erom tbe weight found llie following computations may be made: 
A weight of ceiluluid takcti; t' weiglil of ash. Then the camplior---.l -i)«. or eatn- 

phor-%- — (.l-Sn). Nitrocellulose-3 (n-c) or nitrocellulose ^ -r). 

Ash-% = 1()0 (Eamphor —% |-nitrocellulosc efi). Tbe 11)1) cc. acetone solution 
first withdrawn for determination of solulile nitrocellulose together with the 
ammonium chloride solution extract, is transferred, the precipitate filtered, washed, 
and moistened with alcohol, f.ransfenvd to a lot) cc. graduated flask, shaken with 
■51) cc. absolute alcohol and let .stand twelve hours. Then ,51) ee. of tlie clear tluiil is 
carefully withdrawn, evaporated in a platinum capsule to dryness, the weight 
being soluble nitrocellulo.se. As a control, ot) cc. more of the solution may i)e ])reci])- 
itatod by chloroform, tbe precipitate filtered, ilksolved in ether-alcohol, precipitated 
with chloroform again, filtered and dried to constant weight at l)U“. Tbe nitrogen 
is determined in a T.nnge nitrometer in the usual manner. 

1. .\s a physical means of determining camphor in celluloid, the ridruct.ometer 
is prcferalile to the polartscopc, bccau.se natural and .syntbelie (inactive) eamphoi-s 
have identical refractivities. 

2. This is of great importance in judging of the safety of the material for tran.s- 
portation ;ind the probability of decomposition and ignition when exposed to certain 
conditions existing in railway cars. For instance, the in.slructions of the Penn¬ 
sylvania Railroad in regard to steam heat in pas,scngcr trains state that the pressure 
used should be approximately ,5 lb. |)er sq .in. per car. In a 10 car train liie iircssurc 
on the train line would ba aliout 50 lb. per sipin.,which pressure may be increased 
if the heating of the train reipiires it. 50 lb. steam pressure will gi\e a temperature 
of 139°. Practically any pyroxylin plastic or cellulose nitrate, colloid w’hen exposed 
to such a temjierature for several hours is liable to very rapiil decomj>osition, usually 
culmin.ating in ignition, or explosion. Where cases containing pyroxylin plasties 
arc pliced against steam pipes in an express car, it is not nece.ssary to a.ssume poor 
quality of the plastic to explain the cause of a fire under such circumstances. Colonel 
B. W. Dunn, Chief Inspector for the “ Bureau for the Safe Transnortation of Explo¬ 
sives and Other Dangerous Articles ’’ has done much toward the eclucation of packers, 
shippers and transportation companies in regard to this subject, and his suggestions, 
noted elsewhere, should be given the widest publicity. (See Chapter XXII.) 
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ing oil, cominenping .<it 100° and raising the temperature at the rate 
of 15° ])er minute until the ignition point is reached. Transparent 
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celluloid should not ignite much below 170°, and celluloid-containing 
pigments, which increase the stability, at a somewhat higher tern 
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])er;ituro. In order tliiil the results he strictly cnnipiinitivo, it is 
essentiid that the saiiio method bo followed closely each time.' 

Keceiit analyses made by the a\ithor of seasoned celluloid by 
the above-de.scribed methods have "iven the followin»; results: 




Ainiioi Pipo 

ToitOlHO 

" Grain 




Sill'll ('llIllhH 

Ivory 





I’npi'i Cutlor 

Volatile Matter 

0.0% 

1 :!2'>;, 

0 S';.;, 

1 I”;, 

Ash 

1 00 

1 21 

1 i):\ 

15 il 

('iitnphor.. 

25 .S 

21 0 

2.S 1 

JO 4 

(Vllulusc Nitiato 

7”) \ 

7:1 S 

71 2 

iV.i 2 

NitrojiHi in IVitniciOliiIosi*. 

11 02 

11 17 

11 OS 

11 17 

Trmprmturo nt' Ijinition 

Kit'’ 


100“ 

172“ 


1. M. Jones (tiuartcrly National Fire Protective A.ssociation, Jii!;-, 190S, p. 
140) lias rcconlcil fitly or more tests made ii|ion celluloid plates of varying thick¬ 
ness, The kinds lestl'd include '‘araher,” “tortoise-shell,” “white,” and “trans¬ 
parent.” Tlie apparatus used consisted of a single wall tin oven 0.5 in. diameter 
and (i in. high. .\n iron gauze plate 2 in. in diameter was suspended hy three wires 
from tile lo|) of the oven about H in from the bottom. .\ tin tube J in. in 
diameter, open at the hot,tom was placed in the oven in a periiendicular posiWon to 
aliow till- insertion of a thermoraeter bulh. Another hole in the roof of l.ho oven 
ailowed the insertion of thermometer which extended only as far as the wire gauze. 
An opening about 1 in. spuare in the roof, covered With a piece of tin, allows 
ventilation. The oven was heated by a small 2 burner kerosene stove placed 1 in. 
below the oven. The table records the nature of the inali-rial, appro.\imate 
u'eight in grams, temperature at which the test started, decomposing temperature, 
temperature at bottom of oven, result (flame or ".xplosionl, time which elapsed 
until explosion took ]ilacc. In a second series of evperiments the malerial was 
placed in a *iii box 1^X21 in. and IJ in. high, having a cupaeily of 70 cc. 
The box was placed ution the wire-gauze plate withthe bulb of the one thennometer 
ri'sting upon the wire-gauze plate, close to the bo.x. The ratige of explosive elTects 
in this covered box of 70 cc. capacity using a .sample iVXlSt in. of 0.012 in. 
thickness and 0.01 to 0.01 gm. weight as regards volume of celluloid to volume of 
the box was 1:2500 and 1:10000. 
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UNITED STATES PATENTS RELATINO TO jn'llOXVLIN 
PLASTI(\S. 

4874, Schonhoin, Manufaclnro of nitrocellulose. 

43100, von Lenk, Miinufacturo of nit rocellulose^. 

48231, (5. Ray, Imitation linen collar of pyroxyl. 

50083, Revy, Manufacture (»f ])yroxylin. 

50888, E. Abel, Purifyiuj; guncot t-oii. 

0U571, 1'. SclialVner, Manufacture of guncotton. 

05207, \V. 11. Pierson, Improved plastic comp(tund made from vei^etablo fibers. 
77304, J, A. McClelland, linju'oved niatenal for dental plates. 

70201, C. A. Seely, Imjjrovement in solidi(ie»l colbidion 
80841, J. L. Kendall, R. II. Tresteil, Coaling le.xtile fabrics. 

88228, ]i. R. Streeter, Methtnl of veneering articles witli pyroxylin. 

88200, L. R. Streeter, Improved cojnposition for <lental plates 
80253, L. R. Streeter, Improved denial plate. 

80251, L. R. Street(‘r, Process for treating pyroxylin for forming articles. 

811582, J. W. llyalt, 1). W. Blake, Ivory dusi ami other inatei'jals. 

00705. 00700 J. A. Mct'lelland, Machine for treating colUulion. 

01311, .1. W. Hyatt, Jr., and 1. S. Hyatt, Method of making solid collodion. 
01377, I). Spill, ImproveiiKuit in compounds containing .xyloiiliuo. 

0137S, I). S|nll. Method of protecting insulated leh'graph wire. 

00132, J. A. Mcdelland, Producing u.stdul artich's i’nnn collodion. 

07154. 1). S])ill, Improvement in disstdving xyloidine. 

101175, 1). Spill, Improvement in numufacturo xyloiiline. 

1U3200, J. Lewtliwaito, Improvement in coating fal)ri(:s with parkesine. 

105338, J. \V. Jr., it 1. S. Hyatt, Treating pyroxylin. tR(*issuc 5028, 1871; 
1054(). 1884). 

105823, J. A. Mc(Jclland, Process of coating objects with collodion. 

111242, R II. Winsboroiigh, Pi’eparalion of pyroxylin for dental plates. 

127050, V. Smith, (^impounds for dental purjM)s<‘s 
128450, J. Muschamp, Explosive .substance. 

13322‘.i, 1. S. Ai J. W. Hyatt, Process for manufacturing pyroxylin. 

133!M»0, L. Dietz it B. Wayne, Mamifactiire of pyroxylin articles. 

13(»735, N. Jones, Truss plait- (U- pad of ])yn>\ylin. 

i:t00.53, Babcock, Leonard <k Cran(>, IVi’o-xyhn match composition. 

138254, J. W. Jlviitt. Manufacturing pyroxylin articl(‘s. 

141054, S. Mackie, Making guncotton. 

143772, J. A. McClelland. Improvement in collodion compounds. 

143S0.5, 11. T. AritJiony, JVoparing soluble cotton. 

150722, D. 1). Smith, Artificial coral for jewelry. 

1.52232, I. S. & J. W. Hyatt, Apparatus and process for molding celluloids. 
15.H00, R. E. Hunt, Mcjlding celluloids for dentists. 

150352, T. S. <fe J. W. Hyatt, Manufacturing solidified collo<lion. 

150353, 1. S. it J. W. Hyatt, Manufacture of celluloid. 

150351, I. S. & J. W. Hyatt, Im])n)vem(‘ut in facti1 ions ivory. 

1.50355, 1. S. it J. \V. Hyatt, Improvement in manufacture of brushe?. 

102752, R. E. Hunt, Proces.s for softening ami molding celluloid. 

105234, J. W. it I. S. Hyatt. Improvement in grinding wheels. 

172095, E. (hoening, Making soluble guncotton. 

173805, E. Reagles, (Wipositions for dental plates. 

184481, P. Sweeny, Improvement in luimicating compounds. 

187593, I. P. Brown, Jr., it A. A. Sanborn. Enu-ry grinding wheels. 

199908, J. W. Hyatt, Manufacture sheets of celluloid and other plastics. 

1999()t), J Hyatt, Manufacture celluloid combs. 

200939, R. H. & A. A. Sanborn Ar C. (>. Kanouse, Collars and cuffs. 

202441, J. W. Hyatt, Coating articles with celluloid. 

203834j J. W. Hyatt, Improvement in shoe tips. 



774 


NITROCELLULOSE INDUSTRY 


204227, 204228, J. W. Ilyatt, Apparatus for covering cores and fonning lubes 
of celluloi(l. 

204229, J. W. Hyatt & C. Burroughs, Coating l)ars or springs with celluloid. 
205271, J- W. Ilyatt, Manufacture of sheets of celluloid. 

205S30, \V. B. ('arpcnter, Improvement in bracelets. 

205SS0,1). V. L(K*kwo(Kl, Strips for coating articles with celluloid. 

200570, J. W. Ilyatt, Improvement in varnishes. 

210()11, J. Tlyatt, Nitration of cotton. 

210012, J. \V. Ilyatt tkJ. (1. Jarvis, Apparatus for washing paper pulp. 

2107S0, J. W. Ilyatt, (Vlhiloid piano key. 

21GI74, V. Tribouillet tfe A. de Hcsanccle, Nitration of cotton. 

217111, R. A. Johnston. Moldings and other articles fr<im ecJIuloid. 

217232, W. Met'aino, Piocess for ircaling pyroxylin. 

217471, V. Trihouillet A. do Hcsanccle, Alanut'acturing >^011(1 colliKlion. 

21S122, J. \V. Ilyatt, Manufacture of cards, labels, etc., fr(»m celluloid 
21021S, W. B. (’aq^oritcr, Iled\icing celluloid tulies to tajior. 

210235, J. B. Eilson, McUiotls of tlrying celluloid. 

210270. M. C. Lefferts, ('elluloul lining for ice pitchers. 

2203S(1, (). Kanouse & .A. A. Sanborn, (Vlluloid collars and cufTs. 

220.502, J. S. Spencer, (Vlluloid frames tor optical iastnumnils. 

221070, J. AV. Ilyatt. Polishing and s(*asoning celluloid sheds. 

221077, A. A. Sanborn, (Vlluloid collars and cults. 

220177, J. (b Schmcj-ber & J. A. Arrault. ({rinding machine for celluloid. 
232037. J. AV. Ilyatt, Mujuil'acturc of etdiuloid. 

23355S, J. A’ ('. Schmerber, Treating pyroxylin. 

2;i3.'S51, N. Hart &. R. A. Bacon, I)(‘Corating celluloid. 

233S7S, .'V. A. Sanl>orn, Elastic dies for i)n;ssing celluloid collars arnl culls. • 
231075, V. Al. Jacob, (k)m])osition for coating surfaces. 

23.5032, AV. B. Parja'iiter, Necking c(4luloid tubes. 

23.5033, AV. B. ('arjx'nter, (Coloring eyebrows of celluloid dolls. 

2350.53, Al. ('. LelTert.s, Syringes from eelluloi<l. 

2350.54, Al. ('. Lefferls, Spoons and fork.s from celluloid. 

230()3“1, J. AV. Tlyatt, (’. 8. Loek\v<a)d, & J. 11. Stevens, Imitation ivory and horn. 
2371l)S, AV. B. ('arpenter, Apparatus for in<4ding hollow cdluloiil forms. 
237270,8. J. Iloggson, & U. (b Pettis, Producing and treatiug pyroxylin, 

237.5.50, M, Lefferts, (Vlluloid doll. 

237770, M. (b LefTerts & AV. B. (Vrpentpr, (Vlluloid doll. 

23X027, Al. (b l.efferts, M.Mtmfacturo of celluloid stays. 

2.30123, L. S. Beals, Trealing pyroxylin. 

230424, 230425, [j. S. Beals, IVeparing pyroxylin. 

230701, J. AV. Hyatt, Apparatus for molding celluloid. 

230702, J. AV. Hyatt, Aj)plying designs of article.^ made of plastic material. 
230703, J. AAV Hyatt, Mold or die for forming Inittons. 

230704, J. AV. Hyatt, Alanufacturc of imitation ivory. 

241001, N. Hart &. R. A. Bacon, Alaiiufacturo of celluloid playing cards. 
241005, N. Hart & R. Bacon, Pyroxylin printing ink. 

244010. 0. Monroe. Tniating pyroxylin scraj>s. 

24.50.52, 8. J. Hogg,son iV (J. (b Pettis, Plastic compounds from pyroxylin. 
24l)G7S, J. AV. Hyatt, Procc.^^s of ])reparing eompournls of nitrocidhilosc. 

24GX01, (b 8. Loc^kwood, Treatment of pyroxylin. 

247734, C. 0. Karumse, Manufacture of [dnslie compositions from soluhle fiber. 
24X413, I. AV. Drummond, Lompoinul of celluloid and calcium sulphide. 

240G0t) J. B. Edson, Drying apparatus for pyroxylin 
2.5125<H, D. (b Lockwood, Porming liollow rings of celluloid. 

2512.50, D. C. Lockwood, Forming solid rings of celluloid. 

2512G0, D. C. Lockwood, Hollow articles coated with celluloid. 

251410, AV. B. Carpenter, AA^at{‘rproofing paj)er with celluloid. 

251731, Cl. Phelps, Artificial whalebone. 

25103X, F. V. Pool, Removing flocculont rnaU^rial from spent acids. 

253001, E. Cary, Machine for creasing, bending, and shaping celluloid collars. 
2534X0, AV. B. Carpenter, AVaterf»roof paper. 

2.53X40, AV. Carpenter, (b)ating paper with celluloifl. 

2542S0, F. AV. Cottrell, Material to form artificial ivory. 
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254439, J. W. Hyatt, Drying sheets of plastic material. 

554751, L. White & K. Whitcomb, (Jalvanometer to determine fiber nitration. 
256596, Hunt & Eastwood, J’yroxylin printing ink. 

256597, P.Hunt & J. Eastwood, J^yroxylin for use in topical printing. 

257607, H. Parkes, Treatment of cellulose. 

258480, A. A. Sanborn, (-elluloid collars and cuffs. 

259826, M. E. Davis. Mol(le<l bout from celluloid. 

262077, W. McC’aine, Pyroxylin compound, 

264987, E. Weston, Plastic compound from soluble cellulo-?o. 

2(55337, 11. Parkes, Manufacture of iiitTocelhilos(\ 

269340, 269341, 2(59.342, 2(59343, 269.344, 2(5934.^, J. H. Stevens, Solvents of 
pyroxylin. 

270538, M. P. liogert, Combining celluloid with fabric. 

271035, W. H. (’arpenter, Pln.stic eyelet. 

27M93, J. A. Mc(-lelland, Pyroxylin fabric. 

271494, J. A. Mcdelland, Process of veneering. 

271495, J. Mcdelland, Af)})aralu.s for veneering with pyroxylin. 

27149(5, J. McClelland, MoM for veneering with pyroxylin. 

274335, J. Hj'att ifc E. Pool, i’urifying nitrating acid. 

275215, I. S. Hyatt, M.anufacturiiig slioets of celluloid. 

27.'>216, I. S. Tlyait, Molding celluloid. 

276248, 1. S. Hyatt, Manufacturing rclliiloid collars .and cuffs. 

27(5443, W. Mcl’aine, 'rreating pyroxylin compouiuls. 

277(593, J. B. ICdson, Drying sheets of celluloiil. 

277694, J. B. Edson, Nozzle for making celluloid rods and tul)es. 

278321, A. H. Jlis-s, Mold for forming celluloid art ides. 

2786(57, A. Olszewski, Producing celluloid rods or tubes. 

280659, A. Olszewski, Machine bir I renting pyroxylin compound-s. 

280745, J. W. Hyatt, Press or mold for coaling celluloitl articles. 

281529, M. C. Lofferts, Apparatu.s for lining liollow articles with celluloid. 
282151, J. Eurman, Apparat us for molding hollow articles from eelluloid. 
283224, J. B, Eilson, Apparatus for forming thin sheets of celluloid. 

283225, .1. B. Edson, Manufacture of artificial ivory. 

28(5212, D. A 1). Met^aine, Process of treating pyroxylin. 

28(5535, 0. Everding, Maidiinc for cutting up celluloid sheets. 

286541, .1. W. Hyatt & S. Lockwoiid, Securing glass to a liacking. 

2889.55, A. Sanborn, Celluloid collar or cuff. 

289239, J. B. Edson, Apparatus for polisliing sheets of .xylonite. 

289240, .1. B. Ed.son, Finishing xylonite-coated surfaces. 

289211, .J. B. Edson, Patent leatiier and substitute therefor. 

289242, .1. B. Edson, h'orming and fini.shing xylonite collars and cuff.s. 
2893158, J. B. Edson, Treating with xyhmite to resemble pebble-goat. 

290553, B. Edson, Combining xylonite sheets with oilier sheeted sulistanccs. 
2945.57, W. V. Wilson, Material for electric insulation. 

294(5(51, G. M. Mowbray, Mica and pyroxylin rdastic. 

296967, .1. W. Hyatt, Manufacture of celluhad. 

29^ !K58, J. W. Hyatt, W. II. Wood, J. 11. Stevens, Desiccation of pyroxjdln pulp. 
296009, J. W. I’lyatt, W. H. Wood, J. H. Stevens,.!. Everding, xManufacture 
of pyroxylin rnah'rial. 

209970, .1. W. Hyatt, W. II. Wood, J. II. Stevens, Manufacture of celluloid. 
297098, J. Stevens & W. Wood, Veneering cloth with pyroxylin. 

297770, J. B. Edson, Finishing pyroxylin-coated fabrics. 

297935, J. Hyatt, Drying j)yruxyfiii. 

299388, J. W. Hyatt, E. V. ]*(m>I, .1. Everding, J. H. Stevens, W. H. Wood, 
Manufacture of nitrocellulose. 

299389, 299.390, .1. W’^. Hyatt, Manufacture of celluloid combs. 

299802, E. Kipper, Process for making solid ring.s of plastic compounds. 

299804, E. Kipper & ,T. 15. hidson, Brush bodies from pyroxylin. 

299857, E. Senering, Preparation of collodion. 

300158, J. H. Stevens, Material to imitate ivory. 

301095, J. Hyatt, Dividing celluloid into .sheets. 

3(K5519, E. V. Pool, Manufacture of soluble niirocellulose. 

307032, J. B. Edson, Manufacture artificial ivory. 
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309831, J. R. Edson, Mannfjwturc artificial ivory. 

311203, I. V. Jicaglo8, ('omportition for waterproofing, 

320884, G. M. Mowi)ray, Plastic-compound rcsernbliug ivory. 

322729, Emil Kipper, (’ollar or cuff. 

326119, J. W. Hyatt & John Everding, Solid compounds. 

328843, J. France, Cellonitc, partsine, etc., articles. 

329093, J. H. Stevens & W. II. Wood, Production of enameled goods. 

329273, 0. C. Phickering, Articles from celluloid and otlier plastics. 

329313, J. (i. Jarvis, Manufacture of pyroxylin compounds, 

330838, Etnil Kipper, (k)llar or cuff. 

331241, J. W. Hyatt, Combining pyroxylin solvents in solids. 

331242, J. W. Hyatt, Coml>ining pyroxylin ami solvents. 

331713, J. W. Hyatt, Compounding pyroxylin with solvents. 

333469, E. Kipp(‘r, Process of coating handles. 

33593"), E. Kij>p(‘r, Solid rings from pyroxylin. 

336822, F. Pool, Nitrating acids. 

342208, J. Jarvis, Manufacture of zylonite compounds. 

3431K)3, J. Jarvis, (’ollnr or culT. 

345982, II. Miller, Manufacturing mirror ])acks. 

345983, H. Miller, Hacks for i)rushos from celluloid. 

346376, M. (!. befi’erts, Printing or decorating wdluloid surface. 

318222, M. LclTerts & J.Jlyatt, Printing t)n pyroxylin compounds. 

349658, (i. Mowbray, Hleacliing pyroxylin. 

349659, (i. Mowbray, Methixl of drying pyro.xylin. 

3499S7, J. Edson, l'’onnation of xylonit-e sln'cts. 

3500-19, J. Edson, Mounting pyro.vylin. 

350497, 350498, (}. Mowbray, Nitration of cotton. , 

350577, W. Carpoiitor, Game counter. 

35G10S, J. Edson, Apparatus for working zylonite. 

360811, J. McClelland, Ornamenting pyroxylin comfiounda. 

305768, J. Furman, Molding moulli-piecf's for wlnstles. 

366231, J. MctJelland, Plastic compound. 

368277, W. Carpenter, Fishing line reel. 

368501, F. Jones & J. Jarvis, Hollow form.s from pla.stie niutcriah 
3097K4, J. Furman, Molding hollow celluloid articles. 

370546, A. bcRoy, Producing designs u]>»ui polluluid. 

371021, 372100, O. Amend, Pyroxylin solvent. 

380654, M. Lc/Terts, Ink, 

381354, W, Field, Pyroxylin varnish. 

383272, A. Bensinger, Ornamenting celluloid surfaces. 

384005, E. Todd, Pyroxylin lacMjuers. 

3SS287, E. Kipper, (k>llar or cuff. 

392794, 393750, J. France, Collar or cuff from pyroxvlin. 

393751, J. France, Manufacture pyroxylin coni])oun(I,s. 

393752, J. Fraticc, Manufacture of celluloid. 

393753, J. France, Manufacturing articles from pyroxylin compounds. 

394550, II. de Chardonnet, Pyroxylin filaments. 

405S74, Iv. Collins, (kdluioid hinding. 

406.597, H. Hchiipphans & M. White, Nitration of cotton. 

408344, F. Greening, Substitute for ivory. 

409345, C. Brady, Printing on pyroxylin compounds. 

410204 , 410205, 410206, 410207, 410208, 410209, U. Sclnipphaiis. Pyroxylin 
compound. 

410404, H. de Chardonnet, Denitrating pyroxylin. 

415566, F. Rowell, Coating celluloid plates. 

417202, H. Reichenbach, Mamifaetiiring flexible photographic films. 

417727, J. Jarvis, Ornamenting pyroxylin articles. 

41813C, C..Koyl, Silvered celluloid refleclor. 

418237, R. Schupphaus & M. White, Manufacturing pyroxylin compounds. 
418787, J. France, Collar or cuff. 

419257, J. Hyatt, Waterproof collar or cuff. 

419258, 419259, 419200, 419261, 419262, 419263, J. Hyatt, Collar or cuff. 
420445, J. R. France, Soluble nitrocellulose. 
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420446, J. R. France, Insoluble nitrocellulose. 

420447, J. li. France, Cotton filier dust. 

421307, W. Wood ^ G. Giilinore, EiuliossinK celluloid slu'ets. 

421800, J. France, (N)llar and cuff. 

422195, W- Field, Pyroxylin varnish. 

422302, J. Hyatt, (’oliar or cuff. 

422303, J. Ilyiilt, ('elluloid collar or cuff. 

425129, ,1. France, Wateri>roof collar. 

425(579, E. Kipper & .1. Jarvis, ('ollar and cuff. 

42S554, E. Todd, Manufacturinp; thin sheets of nitrocellulose. 

430215, II. Maxim, Manufacture of guncotton. 

430520, J. France, Manufacturing pyroxylin articles. 

434287, G. Mowbray, Nitration of cotton. 

434330, W. Field, Pyroxylin vaniisli. 

430787, J. Hyatt, Watcri^roof collar. 

4394.51, J. Ward, Manufacturing hollow articles from pyroxylin, 

443105, G. Mowbray, Nitration of cotton. 

450204, E. Todd, Pyroxylin vanii.sh. 

454281, 11. Maxim, Manufacture of guncotton. 

455215, H. de (3uirdonnet, Manufiicturo of pyroxylin. 

455333, J. Hyatt, Tliickoning the edges of collars and cuffs. 

458020, J. France. Indelible print or picture. 

4580(53, H. Heicbcnbach A^S.Passavanl, Manufacture flexilile photographic films 
400080, W. Harvey, Artificial horn. 

4()0()29, II. de diardonnct. Pyroxylin filaments. 

4G52SO, IT. Maxim, Manufacture of guncotton. 

405784, W. Schmidt, PoILshing pyroxylin sheets. 

458157, F. Eckstoin, (Composition for use as substitute for glas.s. 

470451. A. Seller, Pyro.xylin .«olvent8. 

4747SS, II. Maxim, Manufaeturo of guncotton. 

474S14, A. de (^KJtlogon. Preparing celluloid for printing. 

478S51, J France, Toilet articles. 

478955, W. Field, (loating cloth with pyroxylin. 

47i>988, 11. Maxim, Manufact ure of guncotton. 

4H14S5, J. France, Waterproof fabric. 

483701. E. Todd, Manufacturing transparent celluloid sheets. 

488570, IT. Miller, Die for forming phustic articles. 

488(530, ITah'ly, Making celluloid articles. 

490195, H. Goldsmith, Pyr(>xylin wood enamels. 

491SS0. W. Field, Coating cloth witli pyroxylin. 

494790. 491791, L. I^iget, Making pyroxylin solvents. 

494792, 494793, L. Pag(*t, Pyroxylin compound. 

498102, W. Field, Pyroxylin coaling compositions. 

498257, J. France, Macliine for cutting sheets or films of pyralin. 

50251(5, 502547, Ilorgmeyer Pyroxylin compound. 

502921, 503401, (’. Rorgmeyer, Pyroxylin solvent. 

503-i02, Horgmeyer, Pyroxylin .solution. 

504004, W. Field. Alanufaoture of pyroxylin varnish. 

504905, (\ Horgmeyer, Pyroxylin solvent. 

50.')390, G. Goldsmith & A. Merrill. Machine for making pyroxylin collars. 
5054(52, A. Ilafely (!k J. Redlefensen, Manufacture of celluloid boxes. 

507749, L. Paget. Pyroxylin solid ion. 

507904. (\ Horgmeyer & L. Paget, Pyroxylin solvent. 

508112, H. Miller. Apparatus for drying substances. 

508124, II. Turgard, Denitration of nitrocellulose. 

508497, F. Aimi.son, Printing show lulls with ivoryine. 

513791, R. Lansing, Pyroxylin labels. 

5148.30, 514S38, R. Scluipphaus, Stabilizing nitrocellulose. 

51(5024, F. G. Dupont, Drying nitrocellulose 
517987, J. H. Stevens, Solid pyroxylin compounds. 

518380, 518387, 51S38S, G. Zeller, Pyroxylin solvents. 

521)752, R. Schupphaus, Nitrating cellulose. 

528812, J, 11. Stevens, Pyroxylin compound. 
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iiSllSS, IL do Chnrdonnpt, MamifaciuritiK artificial silk. 

534445, 534440, 11. Miller, Molding celluloid. 

541899, Thienit, Nitropeiitacryt.hntc. 

542452, C. Thurher, Manufacturini; celluloid articles. 

543197, .1. U. Stevens, Pyroxylin compound. 

544924, 11. Maxim, Manufacture of f'uncotton. 

540300, J. Stevens & E. Harrison, Imitation onyx from pyroxylin. 

553270, J. H. Stevens, Pyroxylin compound. 

555.590, (i. Zeller, Pyroxylin solvents, 

5.50380, ,1, .Stevens, I'actitiims litliottraphic stone. 

559392, F. Leliner, Artificial silk. 

559823, 559824, 501024, J. H. Stevens, Pyroxylin compound. 

502020, ,502732, F. Leliner, Artificial silk. 

503214, 11. Turk, Manufaeturing artificial silk. 

500349, 508104, 5GS105, 5G8100, ,1. ll. Stevens, Pyroxylin cotnpound, 

571530, R. Langhans, Decreasing inflammability of pyroxylin. 

572134, 572135, J. 11. Stevens, Pyroxylin compouml. 

.573928, J. Stevens & M. LefTert.s, Producing pyroxylin slieels. 

578355, F. \V. Oliver, Pyroxylin paper tulies, 

.583515, .5.83510, .583.517, J. H. Stevens, Pyroxylin compound. 

587090, .'\. Kennedy, Pyroxylin artilieiaricatlier. 

587097, A. Kennedy, Coating leather with pyroxylin. 

5,89870, J. H. Stevons, Pyroxylin compound. 

590812, A. Kennedy, Wateriiroof cloth. 

.592877, 11. Miller, .Mirror comstruction. 

593787, 595355, .1. 11. Stevens, Pyroxylin compouml. 

596002, 0. -Nagel, Making pj'roxylin eomjxmnds. 

597144, 11. (Jtxdter, Pyroxylin compouml. 

598048, 598049, R. C. Schupphaus, Pyroxylin compound. 

.599031, II. Rcichenhach, Manufaelure photogra|)liic films. 

000824, .1. Stevens & M. Lefferts, Manufacturing pyroxylin sheets. 

001927, F. (i. jVnnison, Pyroxylin enameleil [taper. 

002159, E. 1). llarri.son & C. fl. Thiirher, P,yrox,vlin imil iitions of moHJiio. 
002797, F. (i. AnniHoii, doatinj; fabrics ^vilh nitrcK'cllulo.so coiiiiumiuls. 
003001, W. H. Wood, Watorj>r(K)fiii^ fabric. 

G03520, J. Jl. France, Pyroxylin coniponmls in imitation (»f marlile. 

0041 SI, (b Walker, Pyroxylin comnosition. 

OOSKSf), 11. K. Miller, BrusJi. 

007415, J. K. liobiiiHon, Forming celluloid or similar open seam coverings. 
007554, J. H. Stevens, Pyroxylin composition. 

(>0S512, J. C. Dixon, (’clluloid-press and vulcanizer. 

008720, 008727. 000475, 010500, 010015. J. IT. Htevens, Pyroxylin cfimpoiind. 
010030, II. K. Miller, Die for making frames from celliiloiil sljeiMs. 

01072S, .1. 11. Stevens & F. Axtcll, Pyroxylin compound 

010801, H. (ioodwin, Photographic pellicle and process for producing same. 

010053, J. H. Stevens, Pyroxylin compouml. 

012000, 012007, J. H. Stevens, Waterproof fabric. 

012531, J. H. Stevens, Pyroxylin compound. 

012553, J. II. Stevens, Waterproof fabric. 

013021, Y. Schwartz, Flash-liglit composition. 

013400, 014514, J. II. Stevons, Pyroxylin compound. 

015319, J. H. Stevens, Waterproof fabric. 

G15446, B. B. (lohlsmith, Finishing fibrous or ab.sorlx^nt surfaces. 

017450, J. H. Stevens, Pyroxylin composition. 

019037, J. R. France, Pyroxylin imitation of mosaic. 

019017, H. Rcichenhach, Machine for coating paper. 

G213CO, II. Miller, Protecting glass surfaces in mirror manufacture. 

0213S2, J. H. Stevens, Pyroxylin compound. 

021433, 621434, J. H. Stevens, Transparent pyroxylin plastic composition. 
022290, 022291, J. H. Stevens, Transparent pyroxylin composition. 

022292, J. H. Stevens, Transparent pyroxylin compfjsition of matter. 

022293, 022294, J. H. Stevens, Transparent pyroxylin pla.stic composition. 
025313, L. Bethisy, Decreasing inflammability pyroxylin. 
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625513, L. H. Bethisy, Uninflammable nitrocellulose product. 

626732, J. 11. Stevens, Pyroxylin composition. 

622727, J. 11. Stevens, Flexible skin or fabric. 

630M44, 630945, J. H. Stevens, Transpuronl flowablc pyroxylin composition. 
635917, C. E. Church, MunufacturiuK articles covered with celluloid. 

641623, J. Chorley, Photographic Stuisitizod filnus. 

647420, -A. Luck & C. Cross, Increasing stability of nitrocellulose. 

648147, F. Dupont, Dehydrating nilrocelluloBC. 

648415, W. Krug, Substitute for horn. 

6.50431, G. H. .Stevens, l)u|)lioating phonograms. 

651364, I. Kitsee, Substitute for rubber. 

654688, J. E. Thornton, Substitute for colluloi<l and process of manufacturing. 
65.5706, G. C. Gillmore, .Stuffing machine for manufacturing tubes and rods. 
656860, W. Walden, Artificial sole leather. 

6.57.534, C. Hageman & F. Zimmerman, Manufacture of celluloid. 

657535, t!. G. Ilagiman, Manufacture of celluloid. 

662961, .A. Petit, Celluloid solvent material. 

606!)7.5, .A. Petit., I’yroxylin filaments. 

66760t), G. IT. Stevens, Molding celluloid. 
ti67759, 1). Bachrach, Making nitrocellulose. 

669330, 669331, C. Thurber, Forming hollow pyroxylin articles. 

67,5451, E. Ktoefler, Celluloid covered heel. 

677012, G. Benjamin, Pyroxylin plastic manufacture by intense cold. 

68.5.551, W. Adams, Finishing leather with pyroxylin. 

689536, h'. Capjts, Making celluloid records. 

69091,5, 11. A. Bentley, Pyroxylin coaling composition. 

697790, .1. B. Bonnaud, Pyroxylin copal compound. 

698761, N. Thurlow, Producing camplior. 

699516, ,1. llackenbcrg, .Manufacture of celluloid combs. 

700,881, 700885, E. Zuhl. Pyrox.ylin compound. 

701082, IT. C. McKay, I’yrox.yliu-oil varnish. 

707270, 707271, K. Stephan, Producing camplicne, 

711.875, M. and II. .Miley, Color photography. 

712406, F. ti. Du Pout, Separating solvents from iiyro.xylin. 

713168, .1. Stevens & C. Thurber, Pyroxylin article. 

714417, .M. Brown, Mounting stones in celluloid 
71Sli70, ,1. II Stevens, Pyroxylin compound. 

724020, F. Lehner, Spinning pyrox.ylin filaments. 

724932, F. Dupont. Purifying nitrocellulose. _ 

72,587!!, .1. Schmiciting, Producing printiiig-c'iches and higb-relicfa. 

72.589t), K. Stephan, Process of making camiihi'Ue. 

72tl614, I'A .Anthony, Nitrocellulose films. 

733972, P. Kennedy, Frosting glass bulbs. 

7.3,5436, R. .Anthony, Nitrocellulose )ibotographic film. 

73!)514, E, A. Street, Insulat.ing and waterproofing com|)ound. 

741.554, R, Scimpphaus, Pyroxylin com|)ound. 

743422, i). Bachrach, Non-inflammable nitroccllulo.se. 

743922, F. DuPont, Nitrating acids. 

7.51076, A. Hough, Preparing starch nitrate. 

7.58335, Meistcr, Lucius & Bruning, Celluloid compound. 

762757, F. DuPont, Purifying nitrocellulose. 

764776, .1. .Selwig, Nitration of cotton, 

767646, 1. Kitsee, Celluloid. 

767911,1. Kiksce, Dissolving nitrated cellulose. 

768073, A. Plaissefly, Manufactumg incandosecnl filaments and mantels. 
770940, K, .Stephan’ & P. llunsalz. Process of making camphor. 

778232, C. Elli.s, Pyroxylin cement. 

779421, 779422, F.'ITol'mes, Nitro-slarch, 

7S3828, B. Goldsmith, Coating leather with ])yrox,ylin, 

7.86343, fl dc Buren, Celluloid golf ball. 

789249, W. .Adam.s cSt H, McKay, Fini.shing leather with pyroxylin. 

790601, K. Stciihan & P. Hunsalz, Process of making camphor. 

794581, D. Bachrach, Decreasing inflammability of pyroxylin. 
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797373, R. Ridclln, Solvent for nitro-dcrivativcs of carbohydrates. 
801483, K. Stephan & P. Huiisalz, Mainifactiire of camphor. 

801485, K. Stet)liun & P. RcliUinder, Mauufacturo of camphor. 

803952, G. Woodwanl, Noii-inflammablo celhiloid. 

811017, 0. Wiedorhold, Making incandescent mantles. 

820351, L. Crespin, Nitrocellulose solvent recovery. 

825208, L. Eilbortson, Nitrocellulose dental composition. 

S2()1G5, A. Hesse, Maldng borneol. 

820781, H. Gregory, Thin loaf of pyroxylin. 

828155, Tl. Viltenct, Pyroxylin solvents. 

831028, A. Hehal, Manufacture of celluloid. 

831488, 0. B. Thieme, Producing celluloid-liUe surfaces. 

833095, N. Thurlow, Producing pinyl oxalalo. 

833660, PL Borgs, Producing camph(*ne. 

S34460, M. Denis, Recovery of nilroctdlulose solvents. 

834913, P. Krais, Amyl formate lac(]iier. 

837351, W. jl. Smith, Artificial sole leather. 

837700, 8. Moors, Artificial leather. 

841509, B. Goldsmith, Artificial ))yroxylin leather. 

844849, J. BouilUcr, Nitrocellulose incandescent filaments. 

845616, H. Cdiute, Producing methyl acetate. 

818301, Ker, Pyroxylin films. 

848357, L. PY'val, (Stating leather with ])yroxylin. 

849018, (h Philipp, Making camphor from tsobonieol. 

855869, A. Voignt, Nitrating cotton. 

858660, G. Close, Coating metal with celluloid. 

860776, A. Voight, Nitrating cotton. 

864123, F. CossiLt, <k)ating nitroccllulost' films. 

874181, E. Gurliin, I'tilizing waste celluloid. 

874265, Volney, Drying nitrocellulose. 

875002. tl. Glaser, Producing camphor. 

875928, .A. Hough, I’roducing starch nitrate. 

876137, A. Bisciiler & A. Ba.sselli. Making camphene. 

876310, J. Haslcr & Co., Isohornyl oxalates frmn canifdienH. 

879871, B. llcrstein, Nitrating cotton. 

881827, PL Rouxevillc, (lelluIoi<l substitute. 

891033, 0. Hilletcr, Making campliene. 

893634, P. Marino, Uninflammable celhdoid, 

894108, L. Hethisy, Manufacturing non-inflamniabl(‘ cidluloiil. 

S95639, \. Hough, Producing starch nitrate. 

896962, C. Weizmann, Making camphene. 

898942, A. Wack, Making aromatic carls)nyl derivatives. 

S9S943, A. Wack, Making camphor. 

!t002tH, P'. Raschig, Cellulohl-like products. 

900316, A. SluiktifT, Making terpene esters. 

900744, I. Kitsee, Producing cellulose ct)mpounds. 

!t0l203, J. Ilertkorn, Borneol o.sters from turpentine. 

901708, J. Ilertkorn, Making camphor. 

903047, Vj. Bors, Producing borneol esters. 

906668, E. Palk & Basset, j’yr<‘xylin pumt. 

907428, A. AYrley, E. Urbain A A. Feige, Manufacturing camphol estci 
908171, A. Vcrlc'y, E. Urbain <t A. Feige, Oxidizing camphoL 
009288, B. Goldsmith, Enameling leather with pyroxylin. 

909546, C. Claessen, Stabilizing nitrocellulose. 

010978, C. Woizmann, Making camphene. 

914300, K. McElroy & C. PLlis, Non-cornhiislilde fiber. 

923589, J. H. Smitli, Nitrocellulose photographic film. 

923967, C. Glaser, Producing campliene. 

928235, G. de Montlord, Pyroxylin artificial patent leather. 

931749, G. Gentieu, Dehydration of nitrocellulose. 

934214, H. Pervilhac, Artificial laee fabric. 

935603, H. Ha.skell, Finkshing with pyroxylin. 

951067, C. Crepelle-Fontaine, Solvent recovery. 
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938287, E. A. Taylor, Photographic film-developing machine. 

939350, F. Thompson, Film-drying machine. 

939836, C. Dobbs, Powder-cutting machine. 

940580, C. U. Buck, Nitrocellulose explosive. 

942395, G. Kraemer, Impregnating textiles with nitrocellulose. 

944500, F. I. du Pont, Evaporating explosive mixtures. 

945109, F. I. du Pont, Evaporating explosive mixtures. 

945559, 11. Linkmcyer, Spinning artificial threads. 

94G294, V. Vender, Making horny nitroccUulo.se Ixxlies. 

946475, H. Talley, Explosive-mixing machines. 

946745, G. Wadsworth, Apptiratus for graining gelatinous explosives. 

947715, A. Ixjcoeur, Making cuprammonium hydroxide filaments. 

948731, E. Ivatts, Drying j>erforatcd cinematograph fiUns. 

950392, II. Hcydcnhousc, (-clluloid substitute. 

951067, C. Crcpelle-Fontainc, Alcohol and ether recovery apparatus. 

951110, J. Gilchrist, Recovering alcohols from the lining of barrels. 

951369, P. Geller, Paint and varnish remover. 

951507, W. MUler, Recovering alcohols from empty bands. 

953175, O. Moh, Nitrocellulow^-coiitaining film. 

953454, J. Ayleswortli, Pyroxylin duplicate sound-meord. 

95JI677, S. v. Kapff, (Vdlulose formale. 

956567, W. Caldwell, Sensitized collodion surfivco. 

957460, E. I'UsasscT, Spinning cellulose! solutions. 

959692, M. Anthes, (-olUxiion sensitizing solution. 

960100, L. Lilicnfcld, Silk-like luster, with viscoses. 

960939, F. E. Ives, (\)Iored pyroxylin print. 

961360, W. Lindsay, Latent pyro.xylin solvent, F.P. 416813, 1910. 

962036, C. Martini, Storing collotlioii. 

962769, 962770, R. Linkmeycr, Artificial filaments froiu cellulose. 

962788, Y. Schwart.z, Photographic emulsion. 

964483, T. Bolas, Proikicing celluloid. 

970589, L. Wilson, ColluloBO fims, etc. 

970972, F. Thompson, P);roxylm coaled picture films. 

972164, II. Mork, Producing cellulose eBt^ers. 

972953,11. Walker, Pyroxylin solvent. 

974285, P. Ijedcr, Pyroxylin comptiund. 

974900, Hudson Maxim, I’yronitrocelluloso powder. 

979136, C. Ellis, Paint or varnish remover. 

976211, E.du Pont, Nitroceliulo.se oxjdosive. 

979247, G. AusUtwciI, Oxidizing borncol to camplmr. 

9792S0, K. Linkmeycr, Manufacturing artiHci.*d tIueacl.-%. 

97!n31,C. (3iU‘sscn, Nitrocellulose powder. 

971t,56(), A. F. du Pont, and J. T. Tiiomj»soii, ('(d'uluse nitrating apparatus. 
979834, J. Clayton, Apparatus for maiuifacturing artificial silk. 

98021>1, A. Licoeur and P. Rudolf, ('upro-ammoniacal cellulose thica<ls. 

980648, L. Lilionfcld, Stable cellulose tlerivatives from viscose. 

981574, E. Knwvenagel, Treating ivcetylcellulose to enhance elasticity and 
)owei of dyestulT alisorption, F.P. 3S3636. 

982370, L. Kurz, Nitrocellulose gold leaf. 

982467, J. Branilenlxjrgcr, Goffered cellulose films. 

982524, J. Patty, Solvent paint and varnish remover^ 

985406, C. Elhs, Finish remover. 
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ENGLISH PATENTS RELATING TO PYROXYLIN PLASTICS. 

1846, 11407, J. Tnylor, Manufacture of ^luncoUon. 

1851, 13713, L. ]j. Bunn, Manufiioturc of kamptulic(Hi. 

1854, 1038, J. A. (’uLtinK, J^hotoKniphic pictim's wilh collodion. 

1855, 173, F. I’rinco, Nitration of j)ap<*r for cartridge cases. 

1855, 283, (I. Auilemars, Treating vegotaido t]l)crs. 

1855, 301), B. Pont, Sensitized collodion plate. 

1855, 745, ]j. (/ornideK, Watoiproofiiig ))apcr with collodion. 

1855, 770, A. Rollason, Sensitized collodion films. 

1855, 1705, N. IVtin, Waterproofing with collodion. 

1855, 1014, F. Archer, Collodion sensitizoil films. 

1855, 1074, A. Job & E. Tomlin.son, Nitrcwolhilo.st*. 

1855, 2112, L. Cornidcs, Collodion transfers. 

1855, 2130, J. (’live, I'roducing collodion positives. 

1855, 2350, A. ParkoH, Watcniroofing paper with guiieolton. 

1855, 2808, J. A' D. Day, (k)lorod rollodioiiiz(*d glas.s fuclures. 

1850, 007, P. Berard, \\^itorprocjfmg pa|)CT witli colloihon. 

1850, 024, W. Newton, ('ollodion printing: toning; fixing. 

1850, 1123, A. Parkes, Coating fabrics. 

1850, 1125, Parkes, Waterproofing paper willi collodion. 

1850, 1150, L. Aiiganiarrc, ('Ollodion })rinlH on gia.ss. 

1850, 1171, L. (’ornidcs, Transferring d(‘signs. 

1850, 2020, Jl. Norri.s, (kdlodion films in (Iry state. 

1850, 2072, .). Johnston, (^dlodion prints on sheet iron. 

1850, 2254, C. Langlois, Sensitized plates. 

1850, 2250, M. IVllen, ('ollodion \arnishes. 

18,50, 2871, iT. Cheethani, Collodion photoTTieehaiiical prinling. 

1857, 053, J. Ch(*etham & T. Southworth, Xyloidin size. 

18,57, 1883, P. Iteird, Manufacturing azotic cotton or jjyroxile. 

1857, 1884. P. B^rurd, Applying conetmtrated collodion. 

1858, 030, P. H. Berard, (Uiating fabrics with azotic eolLon. 

1858, 1000, J. Mackintosh, Insulating telegraph wires with jiyroxylin. 

1858, 2840 S. Barnwell & A. Rollason, W ji1erpr(»of fabric. 

1858, 3000, T. dc l^eauregard, Prints on rollodionized glass. 

1850, 734. J. Mackintosh & (1. Rhodes, (^)!iting fabrics witli collodion. 

1850, 945, S. Barnwell & A. Uoll.-ison, (\)llodion cement. 

1850, 1255, T. Ilcnderson, WaUuproofing cartridge cases by collodion. 

1850, 1278, J. C. hdslH^r, J''usel oil shellac lacquers. 

1850, 2205, J. ('hild.s, Manufacture of artificial gum.s. 

1850, 2780, J. Mackintosh, Waterproof fabric. 

1800, 1454, M. ll(‘nry. Manufacture of pyroxylin. 

1800, 2240, S. Jiarnwoll & A. Rolla.son, Pyroxylin paint vehicles. 

1800, 2384, Cl. Rhodes & J. Syme, >\’aterproohng guncotton coinpositiou. 

1860, 2775, M. Mennons, (‘ollodion hats and hoiuict.s. 

1800, 3024, C. Aenthoni, Sensitized plates. 

1801, 055, .\. Fargicr & N. ('haravel, Photographic lirinting. 

1801, 074, H. I’arkos, Producing ornamented metal surfaces. 

1861, 1074, H. Dixon, ('ollodion sensitized films. 

1861, 1080, T. llooman & J. Maliszewski, Ornamenting .sensitized collodion. 

1801, 2140, A. Granger, Manufacture' of collars and cuffs. 

1862, 320, J. Tankin, Purification of cellulose nitrate. 

1802, 556, H. Muller, Imitation bear skin. 

1802, 1712, 'A. Wilson, ('amora for co11odionize<l plates. 

1862, 2508, J. de T.afarge, Sensitized collodion films. 

1863, 232, H. FI. Henw*n, Kaniplulicon. 

1863, 365, M. Cartwright, India rubber and parke.sino. 

1863, 1057, A. Rollason, ('oloring papc'r witli [)yroxylin solutions. 

1803, 2954, M. Rislcr, Sensitized collodion plates. 
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1864, 2143, A. Rollason, Finishing collcxlion photogmj51is. 

1864, 2347, A. Worthley, Collodion printing paper. 

1864, 2675, A. Parkes, (’oating fabrics witii guncotton. 

1864, 2953, L. (’roziit, PJiotogmpliic cotton varnishes. 

1865, 72, E. Pcttitt, ('ollodion photographs. 

1865, 449, F. & L. Kossuth, Pliotonn'chanical printing with collodion. 

1865, 1313, A. Parkes, Pyroxylin-coated fabrics. 

1865, 2542, J. & l'\ J. Jones, Wat<?ry)ro<»f cartrirlge case. 

1865, 2733, A. Parkes, Electric telegrii[)h conductors. 

1865, 3163, A. Parkes, Mixinir pyroxylin Mini like compositions. 

1865, 1102, F. Al'cl, Purification of nitrocellulose. 

1866, 1564, A. Parkes, Manufacture kamptulicun cumjmunds. 

1866, 1592, A. I’arke.s, Manufacture brushes. 

1866, 1746, T. F. Gillot, Xylonite varni.sli. 

1866, 2709, A. Parkes, Manufacture jiarkcsine. 

1867, SG5, A. I’arkcs, Coating metal rods ami tiilxvs. 

1867, 1695, A. Parkes, Coating fabrics witli paikesine. 

1867, 2666, 1). Spill, Treatment of xyloidine. 

1867, 3542, E. Smtzenioh, Seiisitize<l collodion films. 

1868, 536, J. A. McClelland, I^yroxylin plastic composition. 

1868, 741, J. Jicwthwaite, Walerf)roofiiig I'abnes with parkcsinc. 

IS68, 120(i, ('. Jiro<jman, Collodion carbon ])rocess. 

1868, I3()6, A. Parkes, Manufacture varnishes. 

ISOS, 1614, A. JVirkes, ]*arkesine for billiard balls. 

1868, 2489, F Walton, Colloiliim waterproofing mixtures. 

1S6S, 3651, D. Blake, J’lastic composition: artifietal ivory. 

1868, 3984, D. Spill, Coaling fabrics with xyhjiiUne. 

1869, 1603, 1). Blake, Coating billiard balls wit h f)yroxyIin. 

1869, 2022, F. Grime, I'mnsfer collodion to ivory. 

1869, 3102, J). Si>ill, Nitrocellulose coiiipounds. 

1870, 180, 787, I). Spill, Nitrocellulose cumpouiids. 

1870, 941, W. McCraw, Collodion-coated photographs. 

1870, 959, 11. llaymen, Pyroxylin lacquer. 

1870, 1017, W. T. llenicy & D. Spill, NMtrocelliilose eojiipounds. 

1870, 1626, J). Spill, Insidating compounds. 

1870, 2101, I. S. A' ,). W. Hyatt, ('eliuloid ami like cotnpo.sitioiis. 

1570, 2649, W. T. Henley A J). Spill, Nitrocellulo.se eompounds. 

1571, 1025, 1. S. & .1. W. Hyatt, A J. A. IVrkms, J*late for arlificial teeth. 

1571, 2430, I'h Nicholson A A. Price, Acidity in nitrocellulose. 

1871, 2!>72, (t. Townsend A A. llollason, Waterjiroohng wiLli pyroxylin. 

1K71, 3178, T. Foster, Artificial dentures. 

1871, 3376, W. J. Gale A W. W. Boyden, Nitrocellulose conipounds. 

1872, 1443, (1. J)a\oy, Nitrocellulose etunpounds. 

1572. 2625, ,1. Drinkwater, i-doekeil fabrics witlj zylonitc. 

1872, 2848, P. Courtenay, ('ollodion pliolomeeliamcal printing. 

JS72, 3101, J. W. A 1. S. Hyatt, Celluloid composilions. 

1873, 1170, Spooner A I’yroxylin M’f’g Cu., 1). Bickford, Pyroxylin and 
collodion. 

1873, 1610, A. U(»llason, ('oated fabrics. 

1873, 2802, W. Cunliffe, Pyroxylin lacquers for metal work. 

1874, 3717, W. A. Leonard Celluloid for ignition fuse. 

1875, 1739,1). Spill, Artificial tortoi.sesholl. 

1875, 2044, 2059, F. Greening, Celluloi<l eomposition.s. 

1875, 2513, V. Smilli, Celluloid compositions. 

1875, 3766, J. F. A J. G. Matliias, J’yroxylin aluminum l>ronze. 

1876, 2114, F. (’anard. Tinting furs and skins. 

1876, 2515, D. II. d’JIallium. “Etherized oil ’’ and nitrocellulose. 

1876, 3605, C. M. Jacob, Nitrocellulose compounds. 

1876, 4806, J. W. Bantock, Nitrocellulose*. 

1877, 142, 11. Lamls'rt, (kdlodion sensitized films. 

1877, 1601, W. B. Bisliop, Plastic composition. 

1877, 3703, L. A. Boule, A. J\ Rlin A E. L. Testii. (Vlluloitls. 

1S77, 3715, 1. S. Hyatt, Celluloids. 
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1878, 878, Celluloid Manufacture Co., Celluloids. 

1878, 2484, (!. M. .lacnl), Treatment of thread with pyroxylin. 

1878, 2519, Dymunite Manufacture Co., MakiiiK nitrocellulose. 

1878, 3196, A. Lombardi, I’oikilograjiliy. 

1878, 3300, R. Brewster, Treating ccllnloids. 

1878, 4711, B. Magnier, & L. Uoerflinger, Denilralion of pyroxylin. 

1878, 5057, 'V. Tribouillet & A. de Besancele, Nitration of cotton. 

1878, 5112, J. II. Gartroll, Molding plates of celluloid. 

1878, 5255, J. Peiffer, W. McCarty, Plastic composition.s containing coralline. 
187i), 718, \V. Jack & P. (ireening, Waterproofing with collodion. 

1879, 1865, II. I'arkcs, Nilriwolluloae compounds. 

1879, 1860, II. Parkes, Pyroxylin solvents. 

1879, 5223, A. (!lark, Collodion sensitized films. 

1880, 1112, .1. Reynolds, Phot.ogra|)hic films with galena. 

1880, 2162, E. Bryilges, Sensitized colloilion filni.s. 

1880, 2322, J. Preeman, Making varnishes. 

1880, 2326, E. Batonnier & P.Michel, Ornamenting celluloid. 

1880, 3753, D. Scotellari, “Enamel collodion’’ surfaces. 

1880, 4874, N. Hart & 11 Bacon, Coloring celluloid. 

1881, 814, J. Bonneville, Nitro.saceharo.se hhns. 

1881, 983, A. Parkes, Celluloid jilastic compositions. 

1881, 1559, A. Pumphrey, Plain collodion films. 

1881, 3072, (h Claus, lictiueing inflammability of eelhdoids. 

1881, 3376, P. Cottrell, Manufacture material to form artificial ivory. 

1881, 3,861, J. ll.vatt, Ccllnloids. 

1881, 4896, J. Plener, Sensitized collodion films. 

1882. 24, M, Lefferbs, Adding barium sulphate to spent acids, 

1882, 775, R. Wall, Collodion printing paper. 

1882, 1433, J. Lewthwaite, Coating with park<‘sine. 

1882, 1849, P. Reid & J. ICastwood, Nitrocellulose in jiriuting. 

1882, 2073, T. & W. Nicholls, Celluloid. 

1882, 2943, 11. Aron, Celluloids. 

1882, 37.50, ,1. (iartrcll. Celluloid. 

1882, 4458, 1). Weston, Pyroxylin filanw'iit.. 

1882, 6152, J. Epstein, Ornamenting leather. 

1883, 21, M. Lefferts, Purifying nitrating acid. 

1883, 33, S. Hahn, Imitation ivory with collodion . 

1883, 983, ,1. Edson, Combining zylouito with leather. 

1883, 160.S, A. ThiC'liaulf, Sensitize<l collodion films. 

1883, 2326, C. Moldeuhauer & C. fleinzerling. Pyroxylin solvents. 

1883, 2481, P. (ireening. Ivory substitute. 

1883, 3362, Beneckc & Pischer and .1. Prank, (iollodion photo printing. 

1883, 3930, J. Edson, Artificial ivory. 

1883, 5554, J. Edson, Treating celluloids. 

1884, 3029, Swinburne, “Abandoned.'' 

1884, 3171, M. Zingler, Waterproofing with collodion. 

1884, 3f):i0, J. Edson, Manufacture artificial ivory. 

18.84, 6051, W. Wilson, Nitroeellulo.se coated paper. 

1884, 7830, S. Lister & J. Reixch, Pyroxylin waterproofed yarn. 

1884, 10765, L. Merriam, Artificial ivory from .xylonite. 

1884, 14587, 11. Schwaliacher, Waterproofing with collodion. 

1884, 15121, T. Best, Artificial ivory from pyroxylin. 

1884, 17045, J. B. Edson, Substitute for ivory. 

1885, 491, W. Wilson & J. IStorcy, Nitrocellulose compound. 

1885, 2158, E. P'recly, Artificial leather. 

1885,.4668, W. V. Wilson, Ornamenting wall papers. 

1885, 5657, 1’’. E. Ullstein, Coaling paper with pyroxylin. 

1885, 6045, II. de Chardonnet, Pyroxylin fihunents. 

1885, 7223, P. Justice, Artificial leather odor. 

188,5, 8012, W. Zeidler, Polishing cidhiloid sheets. 

1885, 12778, R. Berinstein, Granular nitrocellulose. 

1885, 16805, P. Wynne & L. Powell, Pyroxylin. 

1886, 2210, H. de Chardonnet, Pyroxylin filaments. 
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1886, 2211, 11. lie Chanlonnct, Pyroxylin filaments. 

1886[ 364.1, O. Lindner, Ueenration of wood, etc. 

1886, 5413, E. Roese, LacquerinR billiard balls. 

1886, 57113, ,1. Journoud, Celluloid seiasitized thin |)la(iM. 

1886, 6167, O. Sweto & W. Main, Pyroxylin oleotric lam|) fllamcnt.s. 

1886, 8442, F. Greening, Sub.stituto for varnisli, ivory, elc. 

1886, 0874, La (lonipasnie Franc du Celluloid, De.sit'n.s ujion cellnloi I. 

1886, 13380, J. Brunner & C. Klary, Printins .surfaces of xylonite. 

1887, 405, E. Perry, Sensitized celluloid films. 

1887, 2123, L. Wliilcfield, Designs upon textile fabrics. 

1887, 2604, (J5rard, Nitrocellulose containing films. 

1887, 3880, M. Bouche, Oriiainoriting with fish .scales. 

1887, 4.S33, T. Stevens, Embellishing fabrics. 

1887, 4054, F. Crane, Apiilying pyroxylin laeipiers. 

1887, 51.52, (i. F. & R. I. (dark. Fusel oil cement, 

1887, 5.586, H. Hale, l.acipiers and vaniishcs. 

1887, .5701, R. Hale, Compound for coating metal, etc. 

1887, 6022, F. Engel, E.xplimive pyroxylin. 

1887, 6870, I'i. Todd, Pyroxylin laeipiers. 

1887, 7376, 7377, F. Crane A R. Halo, Pyroxylin laei|nors 

1887,7738, British Xylonite Co., .Manufacturing xylonite for collars and eufis. 
1887, .82.53, W. Field, Pyro.wlln solvents. 

1887, 11281, R. Hale, Treating metal surfaces. 

1887, 1.5771, 1.5772, 15773, F. Crane A W. Field. Pyroxylin variii.slies. 

1887, 16330, c. Stocker, Non-inflammable cellulose matters. 

1888, 487, .i. Orr, N it roeelbilose-.solutions. 

1888, .50.5.5, A. Hart, Celluloid sensitive films. 

18.88, .5270, H. do Chardoniiet. Reduce inlliimmiibilily of pyroxylin. 

1888, 7041, It. Norris, Collodion sensitized plates. 

1888, 136,56, C. Hciigst, Smokeleas powder, 

18.88, 1646.5, .1. France, Celluloid collars, etc. 

1888, 1678.5, W. ,\dams, ColliHlion Iransferrolype iiaper. 

1888, 17601, 17602, .1. France, Celluloid eompoimd. 

1,88.8, 1,8362, S. Koglnnd, Stabilizing nitroeelliilnse. 

1.880, 2570, 2,571, .1. Du Vivier, Siiinniiig |iyro.\yliii filaments. 

1880, 5341, F. (Ireening, Substitute for ivory. 

1880, 0,870, W. (ireen, Imparling luster to fabrics. 

1880, 10303, F. (trane, Sensitized pyroxylin films. 

1880, 1166.5, W. Schuekher, Smokeless powder. 

18.80, 12300, J. Williams, Photographic paper, 

1.8.80, 17406, E. .A. Bluemel, (tovering with celluloid. 

1.880, 18016, 11. Haddan, Ornainenting by photography. 

1880, 18000, 1. .Appletrce, Ivory substitute. 

18.80, 10806, 10807, (1. Eastman, Fle.xible collodion films. 

1880, 20061, .1. F’ranec, Waterproof pictures and prints. 

1800. 16.56, H. de Chanlonnct, Pyroxylin filaments. 

1800, 1807, E. FAdirig, Insulating with eellulin (nitlo-ellulose). 

1800, 33tl3, E. Foxlce, Patent refused. Celluloid filmi. 

1800, 4178, ti. Balagny, Celluloid scnsitize.l iilate-. 

1800, 5376, H. doChafdonnet, Nitration of cotton. 

1800, .5378, 11. dc Chardoniiet, Pyroxylin filann'uls. 

1800, 031.5, E. Todd, Manufaetuie thin .sheets nilrorellulo.se. 

1800, 0803, J. Swan A J. Leslie, Nitriwellnlose flexible filiu.s. 

1,800, 11045, B. Edwartls, Drying sensitized films. 

1800, 12684, F. Crane, Pyroxylin varnish. 

1800, 13101, G. Wood, Producing positives directly. 

1800, 13836, J. Acworth, Pyroxylin coaled films. 

1800, 13864, A. Blandy, Waterproofing with jiyroxyliii. 

1800, 14625, W. Schuekher, Nitrale.l starch. 

1800, 17012, G. Anders A C. Elliot, .Vpplication of xylonite. 

1800, 18110, C. Brodheck, .Anifieial eolloilion filaments 
1800, 18080, C. Wittowsky, Ornamenting pyroxylin leather. 

1800, 19658, G. Eastman, Nitrocellulose camphor films. 
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1890, 20690, Van Winkle & E. Todd, Pyroxylin waterproofing. 

1890, 20978, G. Mowbray, Manufacture of nitrwellulose. 

1891, 122, li. Lister, Imitation skins of pyroxylin. 

1891, 336, Zellstoff Fabrik Waldhof, Making celullosc nitrate. 

1891, 376, F. Warlish, Celluloid magic-lantom slides, 

1891, 1670, J. Hammond, floating golf balls. 

1891, 3342, W. Schumacher, Printing in colors. 

1891, 3345, W. Field, Coating cloth with pyroxylin. 

1891, 4129, H. Maxim, Manufacture of gun cotton. ‘ 

1891, 5586, A. dc Cofetlogan, Printing on celluloid. 

1891, 6921, H. Kuhn, Sensitized films. 

1891, 8823, A. McDougal, Covering learl surfaces. 

1891, 10747, Selwig & l^nge, (Vntrifugal cotton nitratum. 

1891, 11831, F. Lehncr, Artificial filaments. 

1891, 13612, Kron, Centrifugal cotton nitration. 

1891, 19456, B. Goldsmith, Pyroxylin wood enamels. 

1891, 19560, II. dc Chardoimct, Preparing cotton for nitration. 

1891, 19710, Gray, Becovery of pyroxylin solvent. 

1891, 22115, H. Armilagc, (\«iting golf balls. 

1891, 22262, F. P. Werner, “J.(eatlier colliMlion’’ for l)rnrjide. 

1891, 22610, A. & W. Gill, Lacquers. 

1891, 24638, H. dc (3iardoiinel, Pyroxylin filaments. 

1892, 4167, W. Hazcll)org, Printing on celluloid. 

1892, 4169, K. Williams, M. K. Williams, G. V. Moy, Bronzing lu|uids. 

1892, 5597, J. MeDonougli, Celluloid colored photographs. 

1892, 7501, G. Kastman, Ctilluloid films. 

1892, 7688, W.(’utters, Bronze paints. ' 

18112, 9284, Cross, Be\'an & Beadk*. Preparing cotton for nitration. 

1892, 10075, P. Hunacus, Celluloid balls. 

1892, 12732, L. Pflug, Paints for ships. 

1S92, 15967, Zaponiug fur. 

1892, 19242, ()blas.ser & Thoryc, ('uses for (‘leclrio hatl(>ries. 

1892, 20880, A. Durnford, Dehydrating nitr(»cellulose. 

1892, 22736, F. Ivohner, Spinning pyroxylin filtuiients. 

1893, 3469, W. Field, Incorporating pyro.xyliii with oil. 

1893, 3557, J. Perl, Bronzing liquids. 

1893, 6504, Blair, Manufact ure photographic lilms. 

1893, 5674, M. & J. Lowinsohn, Tmating furs with zapon. 

1893, 6501, C. Allison, Collodion transparencies. 

1893, 7277, L. Paget, Pyroxylin solvents. 

1893. 7784,, L. Paget, Pyroxylin solvents. 

1893, 8956, C. Pettit t, Sensitized coll<Mlion films. 

1893, 15686, C. King <& R. JelliccK*, Uninflammable collodion films. 

1893,19810, A.Barratt, I'^hcr, & A. Hull, Separating films from celluloid su{)ports, 
1893, 19854, J. Page, Canting golf baits. 

1983, 21455, J. Perl, (^)ating cel!uloi<l. 

1893, 22137, L. Paget, I*yroxylin compounds. 

1893, 22384, R. Schuppliaus, Stabilizing nitroeollulcKse. 

1893, 24(K)3, F. Lehncr, Artificial pyroxylin filaments. 

1893, 24638, H. do Chardonnel, Pyroxylin filaments. 

1893, 24695, (t King, & R. .Icllicoe, C'ollodion uniriflaniinable films. 

1894, 6032, F. W. Oliver, Treating cotton fil)ers. 

1894, 6687, 1. Rubie <& J. MacManus, Photomeclutnical collodion printing. 

1894, 7180, F. W. Oliver, Applying celluloid U> metals. 

1894, 8558, K. fJadoret, Pyroxylin coaled textiles. 

1894, 9261, S. F. Pichler, Pyroxylin coating of paper. 

1894, 11390, F. W. Oliver, Waterproofing cartridges. 

1894, 11666, F. W. Oliver, Waterproofing cartridges. 

1894, 13139, S. Hahn, Nitrocellulose mother-of-jiearl lilni.s. 

1894, 15327, J. Perl & P. Hecrmann, (V>Ior(!d pyroxylin laccpicrs. 

1894, 15914, A. Xol)o], Nitrocellulose solutions. 

1S94, 17(X)1, F. W. Oliver, Pyroxylin printing ink. 

1894, 17747, F. W. Oliver, Pyroxylin paint. 
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1894,19175, A. Gray, Manufacture of celluloid fabrics. 

18!h, 20281, Thi^me, Nitropentaerytbrite. 

1894, 21331, J. H. Stevens, Pyroxylin compound. 

1894, 21729, J. Swan, Nitrating paper continuously. 

1894, 24009, F. Lehner, Artificial filaments of pyroxylin. 

1894, 24235, A. Hargreaves, Nitrocellulose ammunition. 

1895, 4760, A. Luck & A. Durnford, Nitrating hydrocellulose. 

1895, 4769, A. Luck, Manufacture of nitrocellulose. 

1895, 8215, II. Schmiedel, Waterproofing with collodion. 

1895, 9624, fi. Bush, ('oating paper with pyroxylin. 

1895, 1103S, 0. Knofler, Incandescent mantles. 

1895, 11821, J. Wellington, (’elluloid films. 

1895, 13562, H. de (irousilliers, Recovering .solvents from collodion coatings. 
1895, 21995, W. Reid & E. lOarlc, Nitro compounds. 

1895, 22138, A. Baumgartner, Clolored photographs. 

189(), 1573, J. Wellington, ('elluloM roller slides. 

1896, 2568, J. PollfK'k, Waterproofing hats. 

1896, 2595, V. Lfiincr, Spinning pyroxylin filaments. 

1896, 4062, J. Biermann, Imitation heaver fur. 

1S96, 6389, M. Asselot, Manufacture of celluloid. 

1596, 6S.')8, E. Bronnert & T. Scldurnliergcr, TfMraiiitrocellulose solution.^. 
1896, 8069. J, B. Ker, Pyroxylin coating comf>ositions. 

1896, 10103, F, Oliver, (’elluloid knife handles. 

1896, Idiot, Oliver, Pyroxylin packing. 

1896, 1010.'), Oliver, Pyroxylin coated transfer paper. 

1896, 1086S, F. Lehner, Spinning pyroxylin filaments. 

1896, 11182, W. Thompson, Wateiproofmg wood. 

1896, 12451, E. Ca(h»ret, Ooatiiig textiles with pyroxylin. 
lHtl6, 126!>3, S. Bennett, Treating fabrics. 

1896, 12870, P. Meissner. I'inaineling with celluloid. 

1896. 15852, E. Schoenfolder, & E. Kehle, Photographic prints. 

18!)6, 19588, C. Few, Celluloid plate lifters. 

18!)6, 22540, 11. Slrehlcnert, Nitrocellulose solvent.. 

I8(t6, 22965, F. Billing & A. Ix'talie, Pyroxylin coating compositions. 

1896, 24132, Jl. Bra<lford A 0. Rawlins, Applying pyro,\ylm lacqtiers. 

1896, 253ti9, L. Bracher, W. (‘ollyer & J. Cassells, .Applying gold leaf. 

1896, 25675, A., Furso, Pyroxylin antifouling paint. 

I89(i, 25779, 11. llclhorg & (1. IVitsch, Nitrocellulose solvents. 

1896, 25S09, Hagelherg, Attaching celluloid to cloth. 

1896, 28613, U. Sutherland & W. McLaren, Nitrocellulo.se coated fabrics. 

1896, 29261, (5. Sersliall, (^)loring celluloid prints. 

lS9t», 30161, M. Jolle.s & L. Idlicnfcld, Printing [laper with collodion. 

1897, (j33, Oliver, Celluloid thread impregnation. 

1897, 758, ,1. llerz, Pyroxylin coated articles. 

1897, 676t), Meister, Lucius & Bitming, Cojiting leather with sensitized film. 
18(^7, 7330, U. Schoder, Incande.sccnt mantles. 

1597, 7867, (L Sclmitzlor, PriMlucing transparencies. 

1897, 7975, II. Bittner & Villedleu. WatcrprcKding paper. 

1897, 9()59, J. llothersall, Artificial chamois leather. 

1897, 10098, M. Ix^vy, Rontgen-ray celluloid film.«. 

1897, 11053, M. JollcK & L. Lilienfelfl, Printing sensitized films. 

1897, 1.5693 F. Du Pont, I)eliy<]rating nitrocellulose. 

1897, 17122, G. Sershall & J. Kirk, (’elluloid photomechanical printing. 

1897, 17302, Heberlein it Co., Treating yarn. 

1897, 17602, Marsden Co., Nitrocellulose fabrics. 

1897, 21543, K. Chappui.s, P’inishing colhiloid plates. 

1897, 26381, A. Plaissetty, Incandescent mantles. 

1897, 27534, Biissy, I'hiliipe & Bussy. Pyroxylin waterproofing. 

1897, 28613, Sutherland, ('oating fabrics witfi pyroxylin. 

1898, 110, W. Peel, Anticorrosive composition. 

1898, 3493, W. Mackean, Incandescent burners. 

1898, 3770, A. Plaissetty, Making incamlescent mantles. 

1898, 4445, H. lleiclienfiach, Nitrocellulose' films in sheets. 
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18(tS, 0S")S, E. Bronnert & T. Sclilumlierger, Pyroxylin filament formation. 

ISyS, 10482, E. Kingacolo, Artificial leather coatings. * 

ISOS, 11027, L. Hothisy, Uninflammable nitrocellulo.ao. 

ISOS, 12KG7, K. Miiller^ Fabrics. 

ISOS, 18002, licngst. Explosive compound. 

1808, 18007, ,1. Chorlcy, Sensitized films. 

ISOS, ISSOS, A. Luck, Treatment of nitrocellulose. 

1808, 20000, L. Eri'cra, ('olluloid magic-lantern slides. 

ISOS, 22074, E. Bush, Coating paper with pyroxylin. 

bSOS, 217,’)0, O. Moll, \. He.aelciol & J. (Iriinewald, Retouching collodion films. 
ISOS, 2476S, A. Bouret & A. Verbiese, Treating vegetalile fiUir.a. 

1800, 08, I’laissotty, Incandescenl mantles, 
bSOO, OO.'iO, Marailen Co., Engine packing. 

1800, 11181, L. I'reaubcrt, Pyroxylin decorated leather. 
bSOO, 12077, W. Mackoan, Marking incandescent mantles. 

ISOO, 121.52, (i. Macaire, Collodion traiLspareneies. 

ISOO, 121.57, A. Behai, Manufacture of amyl formate. 

ISilO, 12,51.5, < 1 . Selle, Colored collodion photographs. 

ISOO, 18287, J. Chaiibet, Celluloid. 

ISOO, 1 1.52.5, .1. (diaubet, Collodion sensitized films. 

ISOO, 1,58.5,5, Meistcr, Luciu.s & Broiling, Nitroeellulosc compounds. 

ISOO, 10088, 0. Hai'tlii'l, Toning printing p.aper. 

ISOO, 20002, Henry, Trealiiig silk. 

ISOO, 220S.5, A. Nieske. Reducing inflammability of pyroxylin. 

ISOO, 22152, ti. .Macaire, Photographic films. 

1800, 22IH0, C. llcllriegel, Imifation celluloid. 

1800, 22801; E. lleuscli, Covering textiles with pyroyxlin, 

1800. 22807, A. Petit, Treating celluloid .surfaces. 

1800, 280.50, t). Fulton & M. tlillard. Celluloid printing support. 

1800, 28720, tiraiidipii.st, Fibres. 

ISOO. 21.501, li. Morane, Nitrating cotton. 

1800, 25484, -Meistcr, Lucius & Brilniiig, Celluloid, 

1.800, 25510, 1). Lichtenberg-Madaen, Making celluloid stamps. 

lotto, 240, E. .Spitzer, Photomechanical printing on celluloid. , 

lotto, 2770, C. Abel, Scn.silized collodion films. 

lotto, 5.S8tt, lladdan. Nitrocellulose. 

10011, 81188, E. Vogel, Celluloid iiliotonicchanical printing, 
lout), S57S, J. Paterson, W. Dickson & (.1. Kerr, Photomechanical collodion 
printing. 

lOtKI, 0IIS7, A. Plaissctty, Dccrcasi' inflammaliility of pyroxylin 
Ititltl, 0II8S, A. Plaissctty, Incandescent mantles. 

lotto, 11520, ,1. Amimniil.sen & E. Ra.smus,scii, Imitation cork from pyro.xyliri. 
lotto, 18181, .1, (ioldsmith. Celluloid. 

litOtt, 1417.5, L. Eilbertson, Nitr(Xielhilo.se dental composition. 

ItlOO, 14754, .Ampc'ire Ek'ctrixihcniical Co., Making camphor. 
lOtK), 15848, A. Petit, Pyroxylin filaments, 

10110, 10882, E. de la tlrangc, Pyro.xyliu and acetone oil. 
loot), 2t)ltil, 1*’. Lehner, Denitration of pyroxylin filaments. 

IttOO, 20788, E. Zuhl, Celluloid-like products. 

1000, 2158.5, W. Love, Artificial leather. 

1001, 580, L. Joseph, VVatcrjiroofing paper. 

1001, 10.84, D. Lichtciilierg-Madseii, Celluloid. 

1001, 2880, D. Bacliracli, Decrease pyroxylin inflammability. 

1001, 3002, C. & C. Falkcnstein, Pyroxylin coating compositions. 

1001, 8801, Ileberioin & Co., Threads. 

1001, 4800, Soc, Pctticolin. Coaling celluloid sheets. 

1001, 5070, J. Boiisficld, Treating .N'itrocellulo.se. 

1001, 0240, A. Huc.k &, L. Flsclier, Flexible colliHlion films. 

1001, 8008, Bonnaiid, Nitnxiellulose compounds. 

1001, 81172, E. Ziihl, Celluloid-like .substance. 

lllltl, 8801, W. Parkin & A. VVilliam.s, Rendering celluloid non-inflammable. 
1001, 8728, W. Henley, & (1. Kutton, Coating golf balls. 

1901, 10213, E. Zuhl, Celluloid-like material. 
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1901, 12695, IL Richter, Denitration of pyroxylin. 

1901, 12863, Deutsche Celluloid Fubrik Plagwilz-Lcipzis, Celluloid-like jjroiluct.s. 

1901, 16429, A. Cohn, Coating leather with pyroxylin. 

1901, 18063, J. Bonnaud, Pyroxylin reem lacriuer." 

1901, 20253, C. Gray, Coating golf balls. 

1901, 20747, A. Plaissetty, Making incandascent fdaments. ~ 

1901, 22602, ,I. Goldsmith, Celluloid. /of 

1902, 2036, United Fast Eyelet (kr., Facetl metallic articles. /r' 

1902, 2037, United l^ast Eyelet Co , Fiyelet.s. / 

1902, 2052, E. Kcmpshall, Compound fabrik. I _ r-»/ ' 

. • 1 ■?. ,tthY. 


1902, 2529, C. Steam, & F. Woodley, Sensitized plates and 
11)02, 3177, J. B. Allioit, C^onirifiigal nitration. 7 

1002, 0304, M. Pianko, (V)ating flesh splits witli pyroxylin. I 
1002, 0902, y. Schwartz, ('oating paper with coiuidion. \ ‘ 

1002, 11(M2, T. Terrell, (Collodion coated incandescent manllea. \ 


l.n)2, 11042, r. Terrell, (Collodion coated incandescent manllea. \ ' 

1002, llOM, E. Barlow, Pyroxylin coated eggs. \ - 

1002, 11,'>0.'), B. Mills, Pyroxylin collapsible tubes. \ • 

1002, PiSlS, Cl. Fry, Non-explosivo oolhKliou film, ry 

1002, 13112, 11, Kron, Paper cellulose, strips or string.s, ^ I 

1002, 15545, F. Reddaway. I’yroxylin coated cloth. 

1902, 17311, A. riuck & L. Fischer, (VlUiloid plastic composition, 

1002, 174S5, Miley (\)Ior IMiotograph Fo., Coloring celluloid photographs. 

1002, 10437, B. Ktlwards, Celluloid films. 

1902, 21171, A. Hough, Starcli nitrate. 

1002, 21537, Cl Archer, Printing sensitive films. 

1002, 23415, E. Ziihl, (’elluloid-liko substance. 

1002, 24231, K. Shepard & 0. Bartlett, Multicolored celluloid plioiographs. 
1002, 24525, (I (Jould, (Vlhiloid s(|ueegee roller. 

1002, 240.55, H. laiitke, Nitrocellulose films. 

1002, 25243, Sand<‘ll Filnw & Plates, Titd., & W. Smalley. (Vlluloid films. 

1902, 25S21, F. Bayer & Co., Acetyl cellulost^ printing paper. 

1902, 2S2.S4, M. Bauer, Sensitizing collodion paf>er. 

1903, 3045, H. Kiismingor, Pyroxylin and tiascin plastic. 

1003, 34S5, W. Koui, ,\rtificial Icatlier. 

1903, 4902,. .letter, Coating leather with pyroxylin. 

1903, 5SS7, E. Deias, Decorating and protecting carihonwaro arliolea. 

1903, 0409, J. Selwig, Nitrating and washing cotton. 

1903, 7200, F. Nathan, J. ife W. Tliom.«on, Displacement, cotton nitration. 
1003, S278, J. & W. Thomson, Nitration of cotton. 

1003, S40S, (i. Sello, Wnterfiroof jjihotographic solution. 

1003, 11073, F. Nusch, Sensitized oolltHlion films. 

1003, 1850t), A. & W. Clark, Collodion covoml fabrics. 

1003, 22200, H. (’avo-Brownc. Treating celluloid. 

1903, 22070, 1). Bachracb, xNit rocolhilose compounds. 

1903, 23722, F. Buyer & Co., Paneliromatic collodion films. 

1003, 23752, Casein (b., (lasoin cclhilovso composition. 

10^)3, 24 280, A. Forster, Metallization of fillers. 

1003, 27202, V(‘lvril (1). & Hawkins, Nitrocellulose and nitroricinolcin. 

100.3, 27.515, (■yanid-(ios. m. b. H., Explosives, 

1003, 28212, W. Parkin, A. Williams & F. ('asson., Rcmleriug celhiloul non- 
nflainmable. 






1904, llfi, 0. Schmidt, Nitrocellulosi' ])owdor. 

1004, 035, Akt.-Clcs. ftir AnilLn-Fab., ('elluloid sensitized plates. 

1004, 21 ()7, Castle, Pyroxylin insulating compouiul. 

1004, 4004, Mcisicr, Lucius & Pruning, Nitrocellulose colored photographs. 
1004, 512f>, A. Voigt., Nitrating cotton. 

1004, 5048, J. Fin(llay, Dinitrocellulose sensitized films. 

1004 , 7511, J. Selwig, Nitration of cotton. 

1004, 0277, fj. Woodward, Non-inflammable celluloid. 

1004 , 0828, H. V. Molitcr, Lacquering billiard balls. 

1004, 90()2, Akt.-Ges. ftir Anilin-Fab., Opa(|ue nitrocellulose layers. 

1004, 12027, A. Hough, Starch nitrate. 

1004 13485, Thompson, Producing a silky appearance on fabrics. 
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19(M, 15629, R. PiesbcrKcn, Pyroxylin plastic composition. 

1904, 18742, P. Krais & Bradfords Dyers Assoc., Nitrocellulose in amyl formate. 
1904, 20637, R. Vallette, Denitration of pyroxylin. 

1904, 22381, W. I’arkin tfe A. Williams, Renderiii)!; celluloid non-inflammalde. 
1904, 24246, J. Cummings, Celluloiil printing masks. 

1904, 24774, M. Bry, Collodion sensitized filnrs. 

1904, 26666, J. Sedwig, .Nitiation of cotton. 

1904, 27357, Saumkos <k Craske, 1‘yroxylin X-ray gloves. 

1904, 27565, 1,. tirespin, Nitrocellulose solvent recovery. 

1904, 28143, S. Lewin ct .\, Blumenllial, .\rlilieial fur tails. 

1905, It),86, 11. Vittenet, Pyroxylin solvents. 

1905, 6473, 10. Hermit, Imitation cork from eolloilion. 

1905, 67.83, L De.smarais, (1. Morane & M. llenis, ttollodion pump. 

1905, 8297, E. Selieriiig & Co., Camplior. 

1905, 10319, tl. (ierard & C. (Jerard, Utilizing ei'lluloid waste. 

190,5, 11512, A. Belial, C lluloid. 

1905, 21.505, (1. llorteloup. Making artificial eelluloid, 

1905, 23920, 11. Wolfsholil, Nitration of cotton. 

1906, 2'.M)2, (1. de Brialles, .Nitrating cotton. 

1906, 3013, (1. de Brialles, .\rtilicial cork of pyroxylin. 

1906, 344il, Ci. Arnold, A. Scott & 11. Rolierts , Purifying nitrostarcli. 
loot). 34.50, (i. Arnold, \. Pox, .\. Scott A 11 Roberts, Nitrostarcli lilaments. 
1906, 34,86, A. Laurie A 1'. Bailey, Determining lianlness of laci|uer.s. 

1906, 3,509, S. Iseki, Incandescent lilaments. 

1906, 5032, C. Weizmann, Making artilicial camphor. 

1906, 6166, (1. Gorrand, Collodion hlaments. 

1906, 600li, Badiselic Aniline Co , Bonieol esters. 

1906, 8167, C. Tronipieiiet, Non-iuHa-mmable cellulose material. 

1906, 8200.\, 0. L. A. Dubose, Synthetic camphor. 

1906, 83.56.\, 0. Dubose, Syntheiic camiihor. 

190(i, 1022,SA, Badlsche .Vniline Co , Making celluloid-like substances, 

1906, 10407, tl. Ellis, Cainiihor. 

1906, 10798, (t. Weizmann, Bornyl and /sobornyl e.'ter. 

1906, 10999, Chem. Fab. von Ileyden. Making i.vabornyl e.sters. 
lOOti, 12630, Cliem. Fab. von Ileyden, Lvibornyl estcis. 

1906, 16271, Weiler-Ter-.Meer, Celluloid. 

1906, 16429, Badisolie ,\niline Co., Camphene. 

19IK), 16670, .\. Cocking, Nitration of cotton, 

1906, 16725, t!.-Claessen, Stabilizing nitrocellulose. 

1906, 17.573, J. (ioldsmith. Camphor. 

1906, 1.82,80, C. Weizmann, /.sobornyl esters, 

IttOO, 18499, S. Meers, Pyroxylin leather. 

1906, litlltil, ,1. Basler &'('o.. Making Aobornyl oxalates. 

1906, 20037, C. Claessen, Celluloid. 

1906, 21171, ,1. (ioldsmith, C.amphor, 
lil06. 21180, ,1. Clolil.smith, Camphene. 

1906, 22783, Quinan, Drying nitrocellulose, 

1906, 22810, F. Koch, Camphene. 

1906, 23S75A, (h Weizmann, Making jiincne hydrochloride. 

1906, 24830, (them. Fab. von Ilcvdcu, /.sobornyl esters. 

1907, ,89,\, .\. Lumiere et Fils, Making colloihon lilunients. 

1907, 14.54, J. 11. Smith, Manufacture photographic fdms. 

1907, 1595, S. Dongc, Solvent recovery. 

1907, 2461, J. II. Smith & W. Merkens, (tollodion photographic film. 

1907,’ .5020, H. Diamant.i, Solvent recovery. 

1907, 5891, P. Marino, Rendering celluloid uninflammable. 

1907 , 9.568, M. Tortelli, Utilizing celluloid residue. 

1907, 10783, Chem. Fab. Sandoz, Camphene. 

1907, 10784, R. Ellis, Camphene. 

1907, 14549, A. Verley, E. Urbain & A. Fiege, Making camphor. 

1907, 145.50, A. Verley, E. Urbain & A. Fiege, Borneol ethers. 

1907, 14690, A. Liedlieck, Producing uniform nitrocellulose. 
ltH)7, 15536, R. Ehsenmann, Incandescent mantle iimnersion baths. 
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1907, 16605, C. Weizmann, /ifoborayl estors. 

1907, 17460, IL Diunuinti, Denitration of pyroxylin. 

1907j 21405, L, Wilson, (Vilulose films, etc. 

1907, 21S.S0, Splf-cleveiopiii^i Plat-e Co. & T. Bolas, Manufacture of celluloid. 
1907, 21946, C. Weizmann & (’layl^on Aniline Co., Mamifaeturc of camphor. 

1907 , 22129, Chem. Fab. Jloytlen, /.vol)ornyl esters. 

1907, 24214, M. Anthes, Reproduction of images. 

1907, 24S06, Schmitz it C’o., Borneol. 

1907, 25158, Schmitz (fe ('o., ('anipheno. 

1907, 27!)27, F. Fritzsciie & (’o., Oxidation processes. 

1907, 2.S02S, Schmitz & Co., /«oborneol. 

1907, 2.S086, Schmitz & (’o., ('amphor. 

1907, 2<S-il5, A. PayiKi, ('ollodion .surfac<'s for photo-etching. 

1907, 2S748, S. 1‘iiinko & Al. Knusk;!', f’oating grain splits with pyroxylin. 

1907, 2.S75n, (J. Pifer, Machine for coating pap(‘r. 

190.S, 418, O. Diibo.sc, Organic camphor ethers. 

190S, 1GS2, I'h Scliering, Bronw'sovaleric ackl esters <jf th<‘ b()rne(4.s. 

190S, 108(5, P. Tx'cnians, Acf’tatcs of borneol. 
lIKtS, 8252. .1. Bamber, Tlin^^-color j>hotography. 

190K, 8750, Schmitz ife (k)., Camphor, 
loos, 18!K), AV. Stevens, (Vlliiloid. 

DOS, 5518, A. Boult, Obtaining camphor, 
loos, 55115, L. Wilson. Cellulose films, etc. 

190S, 5()tl, K. DonisthorfH', Photographic sensitive surfaces, 
loos, 5(574, Badische Anilim* ('o., ( amphene. 

1(K)S. 7180, P. Preparing “solubk* cellul(W(‘.” 

DOS, 7(529, r. LeliruT, Spiiiuiiig cellulose solution. 

390S, S542. (1. do Brkilles, ('elluloid siihstitule. 

]{)0S, 9041^ (1, Whitfield, C<ihu'collodion scre(*n.s. 

190S, 9992, S. .A.ssadas, lOastie suhslances, etc. 

190S, 1121S, .1. Ilertkom, Making camphene, 

DOS, 12174. Schulifab. Bonndorf flol). Kricchle. Celluloid leatiuT suKstitute. 
DOS, 1 UOS, N. Tiiurlow. Making camphor .'••ynthetically 
390S, 1 1752. .1. Lutkerniolle, /.sebornyl esiers. 

190S, 1(5111, A. Liimiere it Sons, (‘inemat«jgi'aph film. 

1!H)S, 17482, A. Ling, T. Bendle A' F. Colhrook, Nitrocellulose images. 

DOS, 17188, \. Ling. T. Hoiull<‘, Ih ('olhrook, Ht'iiroducing images. 

I90S, 1S047, 0. Austerweil. (’onverting bonieoLs, etc., into camphor. 

190S, 19785, F. Alcuu*, Nitrocellulose plasties. 

DOS. 20050. J. Jlertkorn, Alaking campheiic. 

D0'< 21S89, A’eiein, fCuiist.seidc Fal>r., ('elluloid color .scn^^uis. 

DOS, 28192. R. Hollins, Cellulose. 

190S, 24(527, Fj. Palk & 11. BasM4. Pyroxylin paint. 

DOS, 24S0!<, Ih Brandorberger, Treatment of cellulosic films. 

190S, 2isn, IT Blander!)erger. Tn^ating cellulose films. 

DOS, 2(5598, 11. Muller, Pyroxylin fabrics. 

190S. 2()(>S2, .1. l'i(4(l, Ccllul(M(i slu'cls for balloons, 
loos, 27201, II. Alanissadjian, Plastic inaLerial. 

1909, 87(5, \V. ('. Parken. C(41uloid. 

1909, 1715, J. A B. (i.alay CoIkKiion wateiproof pajx^rs. 

191)9, 1882S, E. Bmnderberger, I’holographic films. 

1!)09, 14089, 14950, Comp. (km. fie phonographs, cinemalograplies, etapparcils dc 
precision, Alaking cinematograph films. V p. 41405(), 1910. 

DO!), 151 !)0, J52S1, IT Brainkuhergeu’, Mamifaclurc celiiiloM' films. (F.P. 414594, 
41451S, 1909.) 

1909. 15S.55. (’hem. Fab. Creislioim Elcktroii, ('elluloid-like products. 

1900, 16010 J. Field, Celluloid siiects lor balloons. 

190!), 17009. F. Bayer ^ Co., ('elluloid photographic supjiorts. 

DO!), 1S0S7, H. Loowe, Manufacture of artificial silk. 

190!), lS(i!)l, H. Jlcydenhauss, A. Banhegyi & K. Gla.ser, Celluloid sub.stituR*. 
190!), 19(592, (T Alartini, Storing colloflicm. 

190!), 1!)772, .T. & H. (lalay, Coating paper with coIkKhVm. 

1909. 22413, Le Crinoid So(n Auon., ITecipilating cellulose tlireads. 
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1909, 23547, M. Friofllandor & P. Tiiehl)pn, Celluloid washable coating, 

1909, 2455t), W. Daniels, J'yroxylin web coatins machifu's. 

1909, 2G{)57, W. Parkin & A. Williams, Non-inflamnuible celluloid. 

1909, 27206, S. Moriniura, Plastic compound. (K.P. 4096G1, 1900.) 

1909, 28598, A. C'hanard, Celiuloid Hiil>slitute. 

1910, 1107, E. Payer A Co., Coating threads. 

1910, 3198, PaytT A' Co., (Vlhilose esters. 

1910, 3G03, II. Danzcr, (3nemalographic i)ands. 

1910, 40SG, Akt.-(ies. Metzeler & Co., Waterproof lustrous fabric. 

1910, 8769, No))crs Explo.sives Co., Nitrocellulose explosive. 

1910, 10227, Brit. & Continental Camphor Co.,(^)nverting pinene into campliene, 
F.P.412668,1909. 

1910, 11365, (3ucs.son, Nitrocellulose powder. 

1910, 13100, F. Bayer A (\)., bustrous threads. 

1910, 13692, W. C. Lindsay, Manufacturer of pyroxylin compounds. 

1910, 11271, F. Bayer. A ('o., (Vllulose. 

1910, 14361, I‘\ Bayer A (k>., Cellulose compoumls. 

1910, 16932, F. Bayer A Co., ('ellulose acetates. F.P. -118309. 
j 1910, 17365, i'. (laessen, Nitroc(41ulos(‘ powder. l‘M’. 415737. 1910. 

1910, 1S(>0G, Hart, Maimfacture of nitratetl cellulose. 

1910, 18607, Hart, Waterproofing fabrics. 

1910, 19160, lIiilmcT, Finishing artificial silk. 

1910, 22309, Walker, Pyroxylin solvents. 

B)10, 23138, C. Spath, Celluloid films for color screens. 

1910, 24707, L. Morane, Spinning artificial silk, F.P. 410267. 

1940, 24980, F. Bayer A Co., Cellulose formates. 

1911, 309, Verein. ClanzstofT-Fabr. Manufacture of stable cellulost* solutions. 
3911, 406, (\)urtaiild A f'o., and Napper, Maniifaetuiv of cellulose tliroa<ls. * 
3911, 849, Berstein, Manufacture of artificial threads. 

1911, 1022, Fo.x A Myers, Treating artificial threads. 

1911, 3436, Soc. Anon, pour la Fabr. de la So«‘ de (3mn]oniiet. Treatment of 
cellulose' solutions. 

1911. 3550, F. Buyer A Co., Manufacture «)f dyed cellulose acetate. 



CHAPTER XV 


flKLLOIDIN AND THE CELLULOSE NITRATES IN MK'RaSf'OPY 

Oki’hn in liislological and pathological woi-k it becomes necessary in 
stiuR'ing Ihe mimile stnictiire of organisms, to obtain the same in very 
lliin sections before they are stained, mounted*and examined micro- 
sco))ically. Sections of haidened tissues may be cut with a razor or 
microt.onu' knife after fastening tin' specimen to the miiu'otomc; thin- 
))(')• s)iecimens can be obtained by means of the freezing microtome, but 
all these methods are o])en to the objection that unless the tissue is very 
colu'sive, poi'tions of it an' eitiicr likely to fall out of the sections or 
become distorted during the shaving process and lu'nce valuclcas. 

Tlie best I'osults, therefore, arc to be obtained fi-om an embedding 
]jroc(ws which ('luploys a substance to infiltrate thoroughly the tissues 
and to hold the various parts m proper relative jiositions, even in the 
thinnest sections. The two sidistanci's in common use for this pui7)0.se 
aiv jiaraffin and celloidin. I'iach lias its advantages aiul disadvantages 
and iK'ithci' can be employed satisfactorily to the exclusion of the other. 
Paraffin affoids the thinnest .sc'ctions, but. tlw'y must be small if the best 
results are to be. obtained, and cannot be handled properly except when 
fastened to the slide. Hard tissues like muscle and tLssucs of vaiying 
cousi.stency, as skin, are cut with considerable difficulty by the paraffin 
iiiethod. Staining is also simpler than when embedding in celloidin. 
tin tne other luuul. tissues of almo.st any consistency or size may be cut 
by the celloidin methods, which are also capable of furnishing very thin 
S('ctions. t’elloidin sections are especially good for studying the extent 
and relation of pathological processe.s, and for much of the finer histo¬ 
logical work. 

h'urthermore, c('lloidin mas.ses do not require the emplov'mcnt of heat 
as with paraffin, which may be an impoidant question in the ca.se of 
some very delicate structures. They do not rccpiire that the objects 
shall be cleared before endwdding, which is a decided advantage with 
very large objects. The embedding material is quite transparent, a 
quality wdiich facilitates greatly the orientation of the object. And 
they are esj)ecially indicated for veiy^ large objects, for the soaking 
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with pyroxylin is quite inoffensive to the most delicate elements, ev('u 
wh('n prolonged for weeks, thus insurinf; th(> harmless penetration of 
objects which would be completely (k'strora'd by similar subjection 
to paraffin and the water bath. Finally, the mass being (piite trans¬ 
parent, it is not iH'cessary to I'omovc it. from tfie sc'ctions before stain¬ 
ing and mounting them; it may remain a.s fulfilling the function of 
an admirable suppoit to the tissues, holding in their phu^e brittle or 
detached elenumts, that without help would fall to pieces and be lost. 
Fhe disadvantage that the process is nec('ssarily a long one, ha.s bi'cn 
partially overcome by (lilson’s ra])id process, to be described. Lee ^ 
was abl(! to obtain no thinner sections thiui 7/(, which for much work 
is not. sufliciently thin. Paraffin sections of ,3/( can readily be obtained. 

'I'hc collodion method of embed<ling is due to Duval - although 
Merkel and Schiefferdecker first recomended the use of celloidin.® 

Celloidin. The first ])erson to prepare a purifk'd c('llulose ni- 
trtite or prroxylin for embedding purposes was the firm of E. Scher- 
ing,"* t.t) which tfiey aitplied the name “ celloidin.” Celloidin is simply 
an ether-iilcohol soluble cellulose nitrate which has been dissolvt'd, 
all insoluble material removed by careful filtration and the ester 
recovered. It is stated that Scheiing nitrates absorbent cotton by 
means of a mixture of 23% iiitihi acid and (jo% sulphuric acid, and 
after neutralizing the resulting ester and drying, the pyi'o.xylin could 
be dissolved in a liglit-boiling solvent as ether-alcohol, commercial 
wood alcohol or acetone, and after allowing the solution to stand for 
sev('ral weeks foi' the insoluble matter t.o coalesce and the maximum 
l)i'ecipitation occur, careful filtration through a long plate filter 
picss with hiu'dcned filter i)a])('rs, when a ])erfectly clear pyroxylin 
sohition would result—a commercial lacquer of great clcarnes.s. Tlu; 
pyroxylin may be rccovi'ied in one of two methods, citlu'r by dirr'clly 
ju'ccipitating the celloidin from solution by mean.s of a fine spray of 
steam or by evaporating the solution to a srTupy consistence undei- 
diminished pressure with the introduction of filtered air to guard 
against contamination by solid oust particles, and finally to complet.e 
dryness. In the fonner method the celloidin would be obtained in 
a disintegrated state in whicli solution would be much e.asler. fbu'- 
ing once Vreen in .solution, it follow's that, when again dis.solvcd, no 
I'csidue will remain. In microscopic work w'herc high magnification 

1. “Vailc Mccum,” lilO.y ]19. The author acknowledges indelileduess to this 
work for data contaiiicil in this chapter. 

2. Jour, de I’Anat., l.S7!l, IS.t. 

;t. Arch. f. Anat. u. Phys., 1.S.S2, 200; of. E. Ilochslettor, Ibid., IS.SC, .tl; ulisl. 
Jour. Roy. Micr. Soc. 18S.S, l.'iO. , 

4. E.l’. 4771, 1S77 U.R.P. 2fiG0, 1878; U.S.P. 2'J'.)S,57, 1884. 
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is Mjiplicd, tho most essential point is fj-eedom from insoluble mate¬ 
rial and specks, and this can be accomplished only by careful and 
painstaking chirilication. Any pyi'oxylin solution, carefully clarified, 
would be equally satisfactoiy. From the facility with which pi'op- 
crly nitrafr'd tissue paper may be filtered, it would seem that this 
might bo nioix! suitable foi’ microscopical embedding pui'poses. This 
form of pyroxylin comes into the market in tough, gelatinous tab¬ 
lets,' cliii)s, thi'cads, or as a voluminous, amorphous powder. Evl- 
dcTitly the latter has been formed by st('am precipitation from a 
])yroxylin solution. It kecjis indefinitely, dissolves rather sh)wly 
unless ill )towder form, and gives a slightly opalescent solution, pro¬ 
ducing an embedding mass which is firm and tough so that .sections 
of extreme thinne.ss may be obtained. An unfiltered pyroxylin .solu¬ 
tion, i.e., one which has not been previously dksolved and filtered, 
is iinsnilable for histological work. 

Photoxylin was introduced to microsco]iic technique in 1SS7" 
by Kry.sinsky and is an ('thcr-alcohol soluble cellulose nitrate, similar 
to cclloidin. (!. Beriiiger" gives an iiiqiossiblo formula for its preiia- 
ration from wood-pulp in which l.’i times the weight of nitrous acid 
to ccllulo.se is spi'cified. It gives a cleai' solution in equal volumes 
of alcohol and ethei' and in all other respc'cts deports itself like ordi¬ 
nary phai'inacopeal ])yroxylin, “ Microi'otton,” “ embedding cotton” 
and “ histocotton’’ are other names for the same pi'oduct. P. Mitro- 
phanow' claims that, it ])oss('sses an advantage ovei- similar prepa¬ 
rations in hardening perfo'tly transparent in 8,")% ethyl alcohol. S. 
Tschernischeff" has brought forth a collodion called “colloxyliiq” 
which is .stated to give best results vlien It) gm. are dissolved in 10 
gm. eugenol or clove oil, with the addition of .50 cc. ether and 1 cc. 
alcohol. Maipmaim " has recommended a 10% solution of celluloid 
in ac('tone, but it has bec'ii found that the canqfiior acts deletciiously 


1. Tlic tabicl form may tic prepared liy dissolving pyrox'ylin in ethor-alcohol, 

prccipilatin^ i1. witfj water, drvin}^, and tlien filtering tlirouKh a .special 

filtering ajiparatus. Tin* solution is jmripitatod again, and the precipitate redis- 
soived in a mixture of (dher arul alcohol anti HlU'red as before. 

The clear filtered collodion \< fn'etl fri>ru etfier and alcohol by distillation to such 
an extent lhai tlu* hi^;hly vi.scous ^e^idual mass can lu* pouivd into molds while still 
warm. The •'claiinous, glue-like mass oldained on cooling is cut up into lumps, 
each of which contains a definite weij^lit of dry, pure cellulose nitrate. 

2. Vireliow’s Arcli. f. path. .\nat. u. Hist., JSS7, 108. 217; The Microscope, 1888, 

S, 1H;J: Tliora]). (laz., 1S8S, 8,s(); Pharm. (Vmtralh., ISSS. 0, 2S4; Zeit. wiss. Mikr. 
1S92. 47. Said to have boon first used by Russian piiotographers, lienee name 

from photoj^raphic pyroxylin. 

II. Am. Jour. Pharm., 1SS8, 225. 

4. Arch. Zool. Kx])er., 189,"), J{, (>17; abst. Jour. Roy. Micr. Soc., 1890, 250. 

5. Zeit. wiss. Mikr., 1900, 17, 449. 

0. Zeit. ang. Mikr., 1903, 0, 14; abst. Jour. Roy. Micr. Soc., 1003, 558. 
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upon some classes of specimens, and for this reason celluloid is an 
unsatisfactory embedding material. Unna ' claims that a more inelas¬ 
tic and hence better mass results by adding to collodion 2 % oil of 
turpentine, sodium stearate, or preferably castor oil. The "celloi- 
dinum inelasticum” of E. Schcring comprises cclloidiii and castor 
oil—a flexible collodion. 

The use of cellulose nitrates in microscopy for embedding pnr[)oses 
is comprised in three distinct series of operations, i.('., prepai'ation 
of the object for embedding, the embedding or impregal ion metliod.s, 
and finally the sub.sei|nent treatment of (he thoroughly inliltrated 
pieces. 

Preparation of the Object.- Tlu? obji’cts must first lx; very 
thoroughly and gradually dehydrated in order to cau.se no distor¬ 
tion of delicate structures upon application of anhydi'ous alcohol and 
to prevent precipitation of the celloidin upon contact rvit.h moistun'. 
firadual impregnation with alcohol or acetone, is done by immersing 
the organ for varying periods—depending on its size and itorosity— 
in solvent containing smaller amoimts of water, unt.il finally mdiy- 
drous alcohol or acetone is used. .\t the end of this progression, the 
alcohol is replaced by anhydrous ether, and this by the celloidin .solu¬ 
tion. If the objects are of a sulliciently tiermcable nature, they ai'e 
often bi'Ought directly from th(i alcohol (containing a small a.niount 
of ether) into the celloidin solution.'* 

The Celloidin Bath. As in the previous steirs of dehydration, 
tin! alcohol and ether must gradually be i-ejdaced with the celloitlin 
solution in order that the I’chitive position of the liistological struc¬ 
tures arc not <listorted or changed. l*'or thi.s rea.son the first iniyu-cg- 
nation should be with a ('(dloidin solution weak in c(‘lluloso niti-afc, 
where tlie object after twenty-four or more houi’s iimnerslon, accord¬ 
ing to size and j)orosity, is plac^ed in a collodion solution of greater 
dcusity. It is in the tliiimer solutions, however, that most of the 
celloidin infiltration occurs, hence time slnmld be given foi' the inaxi- 


1. Monats. p. Dermatol., 11)00, 30, 422, 47(); Zeit. wi.s.s. Mikr., 1001, 18, 32. 

2. L. Uiiscalioni and I’ollacci (Atti. d. Istit. Bot. Uiiiv. I’aviji, 1!)02, 7, I; ah.sl,. 
Jonr. Roy. .Micr. Soc., 1003, ,'jl4) use celloidin in detecting cuticular and .stomadc 
trans|)iration, liy applying tlic celloidin to the surCace of tlic pliuit . Tliia sots hard 
and remains transparent on a dry surface, l)ut on a moist surface Iwconics opale.s- 
cent, thus revealing with great accuracy tlie points of escape of aipioou.s vapor from 
the tramspiring tissue. To increases tlic scn.sitivcne.s.s to moisture coiialtous or (lal- 
ladium chlorides may tic added to the celloidin solution. A Icngl.hy hililiography is 
appended. 

3. Duval (l.c.) prefers a mixture of ether 10, alcohol 1; Schicfferdcckcr, equal 
parts ether and aicohop Tiihby, (Nature, 1802, .U) advises ether 4, alcohol 1, wliile 
Fish obtains best results with acetone. The nature of the solvent or the exact pro¬ 
portions arc of no great importance. 



CKLLOIDIN AND THE CELLULOSE NITHATES IN MICROSCOPY 797 


mum infiltration.! Bussc^ finds the following proportions most 
suitable; No. 1 bath; celloidin 10 (parts by weight) to 150 ether- 
aleohol mixture; No. 2, same amount of celloidin as before, the volume 
of solvent being reduced to 105 parts of ether-alcohol; No. 3, as 
before, but 80 parts ether-alcohol. A. prefers about 3% and 
6% celloidin solutions respectively, impregnating the object in two 
stages only.* The size and porosity of the object to be impregnated 
should govern the time of inimei'sion before hardening and preparing 
sections. Large objects, as Iniinan brains and embiyos, ro(iuirc 
several months lor uniform and complete c(dloidin infiltration.® A 
favorite method of transferring the object from the thinner to the 
thicker solution is to allow the thin solution to be(a)ine thicker by 
sponliuieous evaporation of the solvent in a jdace carefully ])ro- 
tected from dust, making u]) the loss in volume from solvent evapo¬ 
rated by addition of thicker celloidin solution.® 

Embedding. If the object to be embedded is of such size and 
shape as not to necessitate the as.sist.ance of any specially shaped mass 
of collodion around it in order to become attached to the mici'otome 
holder, and if tlu- presence of such a mass Is not reipured to oriental!' 
the object or to ijrodiice contimious series of celloidin .sections, no sjreciid 
('lubi’dding is reciuired. .\s soon as the object has become thorouglily 
im])regnated by the thick celloidin solution, the hardening part of 
th(' ])roce.ss imiy be imiuediiitely I'ommeuced. For fine and delicate 
work it is ('ssentinl to increase tin' density of the celloidin solution, 
until eventually the object bci'omes embedded in a solid block of . 
jiyroxylin. L. Neumann ^ obtains excellent results by carrying out 

1. A thin solution mixy l)o taken at about the strength of tlio II. S. Pimrnuico- 
|>eal ('olliMrimn by weijjht). The viscosity has much to do with the rapidity of 
penetration, in eniixMlding, collotlions of very low viscosity and thin flow should 
be s(‘lected lOlschinn {Zeit. wi<s. Mikr., iSUd, 10, 4t!5) claims to obtain solution 
mueh (juickerif the celloidin l»e first immersed in absolute alcohol for twenty-four 
liouis before the etlier is a<lded. 

L’. Zeit. wiss. Mikr., lS!t2, 0, 17. 

;i. " Vade Mecum,” l!)05, 122. 

1. Tish (Jour. .\ppl. Micr., ISIM), 2, 2d2) first thorou^ihiy replaces tlie water with 
acetone ainl tlum with a 1% c(‘lloi(lin solution in iwetoiK*, ftflloweil by an 8% solu¬ 
tion of the same. Stopanow (Zeit. wiss. Mikr., 11)00, I", IN.'S) soaks the object in, 
and cmlxeds in celloidin dissolved in etjual volumes of clove oil and ether, liardens in 
alcohol, cliloroform vapor or benzene, and cuts either wet or dry. Jonlan (Zeit. 
wiss. Mikr., 10(K), 17, 183) emltcds in a mixtun^ of celloidin with cedar oil, liardens 
in chloroform r>, cedar oil 1, and cuts wet or dry. 

5. If the obieet contains cavities, theses should lie previously opened to insure 
their Ixeing filled with the collodion. 

(). Aimthy (Mikrotechnik, p. 122) claims that a liotter consistency after harden¬ 
ing: results w'hen the object is trunsforred to fresh thick .stdution after the pre¬ 
liminary celloidin impregnation. I’lie nature of the solvent undoubtedly exerts 
considerable infliKuice on the speed of infiltration, acetone Inung especially efficient 
in this respect. 

7. Zeit. wiss. Mikr., 1008, 25, 3S; abst. Jour. Hoy. Micr. Soc., 1008, 658. 
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the various stages iii an cxsiecatov, which is air liglit and coiitani 
some water-absorbent as anliyclrous copper sutiihalc, or calciuin cai 
bide. After the celloidiu has !x'C()mo thickened from evaporation 
and has been each time replaced by a heavier st'lulion, the mass i 
finally brought out into the aii' and the cidloidin allowed to solidil 
by a dissipation of tiic solvent. Hy this method large pieces, as 
whole brain, may be prejnired for sectioning, hor the naisons lha 
the method is tpiicker, the infiltration more perfect, and thinner sei' 
tions possible, Stt'panow ’ recommends to first dehydrate in oi 
absolute alcohol, then 3 -ti hours in oil of cloves, finally immersing in 
eelloidin 3, oil of cloves 10, ether 40 and absolute tilcohol 3.- ('. 

Miller® has described a method, and U. Ihunlyn-lliirris * an apitara- 
tus for eelloidin embeddittg. In some instances it may be ntore 
advantageous to embed on a itiece of cork, pith, leather, pumici^ or 
other absorbent sub-staitce, which should first be prepared with a hiyer 
of dr)' eelloidin. Or the niiiss may be attaclu'd to a celloiilin niiitri.'; 
with amyl acetate or at^ctone as exjtlaiiK'd in Cltitptei' XI V under 
“Celluloid Blocks.” Watch glasses, pehi di.shes, or Msmarcli plates, 
make conveniemt embedding recejttacles. O. .leliiiek ■'> proposes tli(' 
use of “stabilitc” (vulcanized rubb'r) as an jmcliorforthe eelloidin 
mass.*' Embedding in eelloidin is tarticularly applicable to those 

1. Zeit. wiss. Mikr., 1000, 1", 1S5; al).--!. .hmr. Roy. Micr Sue , 1000, 72s. 

2. In the final stage it is ailvi.sal>l(‘ to arrange tin' olijec' m 'he snlrlifyiiig ni!i" 

in the receptacle in which the final harden’iig is to take place. < Ircil care nue i oc 
exercised that air hatihles do not heconie entangled in the eia^s, and llial tliL object 
is at .dl times protecUsl from dii.st ami dirt. 

3. Jonr. Appl. Micr., 1003. <i, 2'2.")3; alisl. .Joijr H(\\. .Micr. Sue , IIIO.'J, 770 

4. Jovir. Roy. Micr. Soc., lltU3, 23S: see .also Pokrowski. ttnijz (dmsrt'nic, .May. 

tOOO; Zeit. wisL Mikr., I'tOO, 17, 331; alisl, .lour. Hoy. Micr, Soc . lOOl, 213 

.5. Zeit. wiss, Mikr.. 1.S04, 11, 237; ab.st. Jour. Roy. Micr, Soc , ts'lt, 7.13, E '' 

Streeter (Jour. A|.. i. Micr., 1002, .'i, 1070; absl. Jour. Roy. Micr. Soc., Ul'lJ. VI.'-) 
recommends marlilc blocks insle.ad of wood or cork. 

0. fare sliould lie taken to have them |icrlcctly dry. If Imbliles midic Ihe’ir 
a])]H;arancc in the mass, they slamtd be removed lieforc [iroci'ediii); to liarden 
This may lie done liy exposing the whole mass to tlie vajiorof el her for .■■cvcr.'d hours 
in a desiccator, or otlicr tightly closed rcci'ptaclc. Care should b(' taken that llie 
ether, which may lie poured on ihe bottom of tla- vessid, does rn*l wet tlie ina.ss 3 o 
deprive eelloidin of air inibbles .\. Eisching (Zeit, wiss. .Miivr,, IStt.’i. 10, 14.t abst. 
,Iour, Roy. Micr. Soc., IS'll, !()t) recommends euttiii); the original tab' Us as 
received from the m.'inui'acturers, into little blocks not over .I mm. .si)u,'ire. |)iy at 
room temperature, desiccate in an ineubalor, lay in airsolute aleohol for twenty- 
fonr hours, ttien dissolve in .-deohol-etlier in tlie usual manner williont stin-iny 
Another excellent method is to place the viscous solution under the bell jar and 
exhaust the air therefrom, when the liubblns will till come to the top within an 
liour’s lime. 

For emliodding delicate objeeCs in eelloidin see Etsehmi' (Zeit. wi.s.s. .Mikr, 
lStl3 10, 44.'>; abst,.Iour. Roy. Mikr. Soe., l.S!>4, 4(14), F. Aby (Tlie .Mieroscope, l.sbl, 
11, .I’S; abst. Jour. Roy. Mier. Soc., ISdl, 424), and C. Minot (Am, Naturalist, l.S.s.'t, 
lifi S28; abst. Jour. Roy. Micr. Soc., 18SG, Kit). S. Apathy (Zeit. wiss. Mikr., IS,SO, 
(1 ’lS4, 301; abst. Jour. Roy. Micr, ,Soc., ISOI), 113, 2.')3) lias improved on A. Flor- 
mari’s’preeess (Zeit. wis.s. Mikr., 1S.S0, (>, LSI; alist. Jour. l(oy. .Micr. Soc., iSOO, 
113). For cmbeddinK vegetable objects see W. llusse (Zeit. wiss. Mikr., 1802, 8, 
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ti,«su('s ■\\hich readily fall to pieces when in the form of sections. The 
cochlea is a s^ood example, it being almo.st imjiossible to rely on obtain¬ 
ing a salisfaiaory specimen of the organ of f^oiti iniless the ti.s.sue i.s cut 
in collodion. The advantage in this instance lic.s in the fact that it is 
not nece.ssaiy to remove the embedding medium wlu*n mounting the 
staiTied specimen. 

Orientation of the object is the (ixation in a certain ])osition 
pi'eliminary to sectioning, or the ari'angL'nu'Ut of a scries of specimens 
in a piedeterinined manner in reference to each other. .\s cclloidin 
is but slightly translucent, it is seldom necessai'y to clarify the object 
as an aid to orientation. I'he method of Patten,' especially u.setul 
where a large number of small objects are to be oriented, consists in 
taking co-ordinate (cross-section) paper, and placing thereon at regu¬ 
lar intervals small drops of a mixture of colloidin and clove oil. The 
objects to be oriented are cleared in oils of clove of bergamot, trans¬ 
ferred singly to a drop of the collodion-clovc mixture, where they 
are allowed to partially solidify. The collodion is hardened by the 
addition of a small amount of spirits of turpentine, when it is 
trimmed, etc., preliminary to .sectioning, iloffniann^ takes glass 
slides ruled with a diamond, embedding the objects completely in 
huge drops of collodion in oil of cloves. They are afterward hardened 
by bi'iizol, toluol, xylol or tuipentinc'. Apathy " arranges the objects 
first in gelatine, lialle and Born ■* egg albumen, while dextrin, agar- 
agar, tiagacanth, acacia, and other gelatinous bodies have been pro¬ 
posed. 

Hardening the Celloidin. .Vccord'ng to Lee * objects being 

Rot. (Icntnall)., 1S02, .M, 202); omI)ryolop:ic:i,l spccim<‘iis, see M. Duv.al (.hnir. 
lie .Mievonr., IHSS, 12, 220; alist. .lour. Roy. Mier. Woe, I.SSS, 007). W. Oaiifield 
(The Micro,seope, 1SS7, 7, UO: ahsl. .loiir. Roy. .Micr. Soc., 1S,S7, OSO) emiM'il.s eye.H 
ic eelloiilin l>y first, liarileiiiiifj in Muller’s fliiiil, tlieii in rilcoliol. \ small incision 
i.s then mailc't.angcntially to the sclcni and also on the corneal cdsc.s, the eye then 
pul n . ijiial parts of alrsolute alcohol and ether, .\fler hvenly-foiir iicmrs' iininer- 
sion, the or;;an is transferred to [lure ether, next day to 1'elliereal celloidin, then 
finally to Ihiekcr celloidin. See also .tin. Mon. .Micro, .lour.. ISSO, *,2211; S,sol)olew, 
Zeit.'wiss Mikr., IhOS. 2.'). 110; .1. Hellin', lierl. Klin. Wnchenseli.. \pr. 2-1, IS')!!; 
E. Seliolz, De.ntsehe ined. Woelienschr., Mar. 10, IdO."); Nenmayer, Zeit. wiss. Mikr., 
ItlOS, 2.), ;iS; I’leisidiniann. lliid., 210. 

1. Zeit. wiss. Mikr., ISlIl, 11, Id See also Field and Marlin, Zeil. wi-ss. Mikr., 
isiw'll.ll; Woodwortli, linll .Mus ('oni|). Zool., ISild, 2.'i. 1,7; Deniie, .Iimr, .\ppl. 
Micr.’, 111(12,' 3 , SSS; Wil.son, Zeil. wtss. Mikr., IIIIK), 17, lliU. For improvements 
on Alliertin’s liicthiid .see F. Mnller, Centralli. Allgni, I’alli. u. path. Aiiat., llllK, 14, 
071 ; alwl. Jour. Roy. Mier. Sue,, l!l0:i, 7011. 

2. Zeit. wiss. Mikr., ISllll. I.t, ;il2; 1111)1. 17, 14;i. lor labeling tissues for cel- 
loiihn inriUr.nlion, see V. Thur.slon, Jour .\|ipl. .Mier., June, 11100. 

;1. Zeit. wi.ss. Mikr., ISSS, 5, 17. 

4. Ibid. ISllO, 12, :104. For eompliealcd melliod see Fiyelesheimer, .tmer. Nat., 
1S02, 2ti, d.il; abst. Jour. Roy. Micr. Sue., l.Sl)2, .nOd. 

5 ! “Vado Meeum," the most cotn|)lele work in English on mieroseoiiieal teeh- 
nique 100.5, 124. Euzykloiiidic der Miki'oskopisehen Tectmik, 1010, eoutaius 
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cmboddcd, the ti'i'iiUm'ul should be as follows; The reeoptaeles oi 
supports are set with the mass under a f;lass shade, allowing of just 
enough eommmiieation with the air to set up a slow evaporation. 
Or poreolain molds oi’ small dishes may be eovered with a lightly 
fitting cover. As soon as the added thick collodion (of which only 
ju.st enough to cover the object .should have been taken) has so far 
sunk down that, the object begins to lie diy, fresh thick solution is 
add(‘d, and the whole is left as before. (If the fii’st layer of collodion 
has become too dry, it should be moistened with a drop of ethei' before 
adiling the fresh collodion.) Provision should be again made for .slow 
evaporation, either in one of the ways above iiiilicaled, .oi'—which is 
jK'ihaps better—by setting th(! objects under a liiriiiclicaJlii fitting 
bell-jar, which is lifted for a few seconds only once or twice a day. 
Freipientiy it has been found advantageous to set the obji'cts under 
a bell-jar, together with a dish containing alcohol, so that the evap- 
(U'ation is gone through in an uimoKpJwre of alcohoL This is es]jucially 
indicated for very large objects. The whole jirocess of adding fresh 
collodion and ]ilacing the objects under the reiiuired conditions vif 
evaporation is re])eated evc'ry few houi’s for, if need be, two or three 
days. 

“ When the mass has at tained a consist.ency such that the ball of 
the finger no longer halves an impress on it, it should be scooped out 
of the dish or mold, or have tiie paper removed if it has been embedded 
in pa.per, and be submitted to the next stage of the hardening 
Jirocess.” * 

There arc two princijial methods of jierinanent hardening, one in 
which chloroform and the other in which alcohol is used as the con¬ 
gealing medium. 'fhe chlorofoi'in naUhod, wiiich is duo to Viallanes- 
is especially ajijilicable to small objects. On account of the rajiidity 
of the action of the chloroform, there is danger that large objects 
will be so comjiletely coagulated superficially as to render their internal 
jiermeation dillicult on account of the coagulated and rejX'llant exte¬ 
rior. tt’hen the celloidin material is immersed in chloroform, coagula¬ 
tion rajiidly jiroceeds until a mass is obtained of the consist.ency of 
wax. The. length of immersion will vary from a fi'w hours to not 
over three, days. It has been recommended instead of directly im¬ 
mersing the celloidin, inclosed object in chloroform, to inclo.se 
the celloidin in a desiccator with a few drops of clilorofonn, the small 

exhaustive articles on celtoiilin einliedding nietlods, pp. 17.5-202, with 111 liihlio- 
graphic references of year anil vol., luit no fiage. 

1. If the mass i.s found to lie too soft to readily come away from the support, 
it may he soaked for a day or so in :i0-.10% alcohol. 

2. Uech, sur ITIist. et Ic Dev. dcs lusectes, 1S83, 120. 
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amount of vapor acting as offc(^tually and speedily as direct chloro¬ 
form imm(!rsion. Often the, collodion becomes opaque upon immer- 
siun in Ifio chloroform, but usually regains its transparency after a 
short time.* Alcohol is perhaps the more commonly used hardening 
medium, the best strength of whiidr there has bcien considerable dis¬ 
cussion. Due to the researches of Busse,- corroborated by A. Lee, 
it appears that 85% alcohol is probably the best strength, both as 
regards the cutting consistency and the transparency of the celloidin 
mass. However, care must be e.xercised to keep moist celloidin 
hardened in this strength of alcohol, during the cutting process, owing 
to the ra])ld evaporation of the alcohol.'’ 

Cutting.'* It is not neitessary to cut the hardened blocks as soon 
as they have been I'cnioved from the alcohol or chlorofoi'iii, simple 
innnersion in 70% alcohol acting as an ellicient ])rescrvative. They 
may be preserved by hermetically seating in a veterinarj’ gelatin capsule 
by pouring melted jiaraffin over them,** or in glycerol jelly.*’ (L- Alex¬ 
ander ^ has devised a method of jireserving celloidin blocks on the 
microtome, IL Hornnann ** has described an apparatus for the same 
ptu'pose, while ,T. Streiff ® has perfected a nu'chanism for keeping 
celloidin blocks moist. In order to guard against the possibility of 
the ci’lloidin being so transparent that tlu! location of the sections in 
the mass may be diflicult to observe, it has been recominonded to stain 
the celloidin lightly with a basic dyestuff such as fuchsine, salTranine, 

1. If the ol)jccts arc suflicicntly small, the preliminary liarilcning liy evaiiuration 
may bo omitted, ami they may be dintelly immersed in ehlorofiirm, Inil preferably 
c.xposed to tlie vapor in a desiccator. The mass alioiild first lie exiiosed to the air 
until a suiierfieial skin has formed over the celloidin surface, and tlien broujrht into 
the chloroform vapor. It may or may not be advisable to frive a final hardening in 
a fresh chloroformie solution or e.xposnrc to fresh chloroform vapor. 

li. Zeit. wiss. Mikr., 1SU2, II, 411. Apathy (Mikroteknik, ISfi) reeomniemks “ ply- 
cerin-alcohol;” other workers alcohol of .HII-7l)Ci, "r even lower. Blum (.\nat. •An.s. 
IStlfi, 11 , 724) pmfers weak spirit with a siuidl amount of fomiahlehyde aildetl, claim¬ 
ing the presence of tiie iatter aids in tlie coagulation of the celloidin. 

,'i. llardeniug may also Ire accom])lished by fivezing, and cuttiiiR with a freezing 
microtome. After the preiiminary hardening in alcoiiol, it is soakeil in water in 
order to eliminate the major jiortion of the alcoiiol, dipjied into acacia or triigacanth 
mucilage to increa.se adhe.sion to the freezing plates, and frozen. Some alcohol 
should be left in the tissues or the mass may be frozen too tiaril. ]''lorman (Zeit. 
wiss. Mikr., ISSl), 11, 1S4) uses neither alcohol nor chloroform, but continues eva))or- 
ation of the celloidin until a liard mass is obtained. The objection to this method, 
however, is that the cxces.sive contraction of the celloidin in assnniing a solid and 
rigid state is prone to cause contraction and distortion of the tissues. 

4. A small, well-ground glass stoppered bottle is a simple and readily available 
preservative container. 

5. Apathy, Zeit. wiss. Mikr., 18S.S, .5, 4.7. 

6. Apathy, Mitlh. Zool, Sta. Neafiel, 18P7, 12 372. 

7. Zeit. vviss. Mikr., IStlO, 1.1, 10; abst. .lour. Roy. Mier. Soc., IS'IO, 477. 

8. Zeit. wiss. Mikr., 1800, l.’», 433; ab.st. .lour. Roy. Mier. Soc., ISIKI, 47)7. 

9. Arch. f. Mikr. Anal. u. Eutwick., 1900, 6(1, 940; abst. Jour. Hoy. Mier. Soc., 
1900, 730. 
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methyl violet, methylene blue or vietoria p-eeii. By this iiuums the 
object ai)i)ears much phiiiu'r by contnisit-. The stain may be dissolved 
in the alcohol used for hardeninfi;, or the volatile oil used for clearin';. 
(!ai'c should be taken that the celloidin mass is but lightly stained. 
After tbe collodion block Jias been attached to the mierotoine,^ the 
section knife should be .so set that it will have the longest possible 
sweep. In other words, the edge of the knife should be used in the 
stroke. The tissue should generally be placed so that the knife will 
strike the tougher portion first, for in so doing there is less liability 
of the knife raising up and producing distorted sections^ B. Hickey ^ 
has devised an irrigating apparatus for celloidin sectioning, whereby 
alcohol can be drojipi'd on any iiart of the knife. 

Clearing and Mounting. Objects may be mounted in glycerol or 
Canada balsam without removing the mass. If alcohol is employed for 
dehydration, not ovei' 11(1'strength should be u.sed on account of Uk; 
.solwnt action, occasionally, of absolute alcohol on collodion. Niki- 
foi'ow recommends equal paJ'ts of alcohol and chloroform. The 
clearing substance must be a non-solvent of collodion. The cloin'ing 
agents most recommended arc origanum oil,® bergamot oil, and oils of 
sandalwood, lavender, cedar wood,® clove,^ and thyme oils, (ddoro- 
form, xylol or benzine. Dunham’s mixture ** of white oil of thyme 8 -1, 

1. For cutting cclloiilin Hoctions, a slide microtome is l)est, although sattsfac- 
torv n-sults are obtaiiasl with instruments such as the Cambridge i'(K‘ker. \ lorm 
of tlie latter instrument shoukl be selected in which the razor caii be adjusted 
obli'jiiely. To attach a celloidin block to tlie microtome a piece of .soft wood (lujt 
cork, on account of its ehnstieity) is eoveivd with a la.yer of heavy collodion and 
allowed to dry thoroughly. .\ thin la.ver is cut from ihe celloidin block in <irder 
1:0 expose a fresh surface, and this is affixed to the lacquered wood by mean.s of a 
few drops of a collodion sohauil..—acetone ami amyl acetate being satisfactory. In 
order to harden the surface, the block may be immersed in alcohol or chloroform 
for a few hours before cutting. 

2. ."ks an illustration, in cutting a jiiece of tumor having a cap.sule, the caji- 
sulateif portion should face the knife (slge, 

2. .lour. .4ppl. Micr., fttIK), .t, tt!)4; see also (J. .\ubertin (.\nat. .\nzeig., I,sft7, 
13, dO; abst. Jour. Roy. Micr. Soc., 1.SU7, 171; 1). (lannett, “Whitman’s Methods 
of Microscopical .Anatomy,’’ ]). II.t. 

4. Zeit. wiss. Mikr.,'l,S!U, S, LSil. 

5. 111. Origanum Crctici is said to lx.' jireferable to t)l. Origan, (lallici. t'arnoy 
and ],clirun (La Cellule, lXt)7, 13, 71) have found od of cajeput useful for clearing 
celloidin sections. 

6. .A- safe clearing agent, give.s excellent results, Imt acts slowly. Sec Jordan. 
Zeit. wiss. Mikr., IIHIO, 17, I'll. 

7. Eugeuol dissolves colhxiion. and where tlu' ciigenol is high and the caiyoj'hyl- 
lene high in oil of cloves, the latter may exert, a solvent rretion on the collodion. 
Therefore clove oil shoukl not be tised for clearing sections cut in that, medium with¬ 
out .sitecial precautions. Phenol, aniline, toluidine, xyliiline and’ beechwood creo¬ 
sote are valuable for clearing celloidin sections. Tlie volatile oils patented liy .1. 
Stevens (see Uhapter 11') make excellent celloidin clearing agents. See Suchaniiek, 
Zeit. wiss. Mikr., LStlt), 7, ISti. 

8. Minot (Zeit. wiss. Mikr., ISSti, 3, 17.7) says that llindiam’s nnxture 'clarifies 
the sections very readily and softens the celloidin just enough to prevent the puck¬ 
ering, wliich is so annoying with thymo alone.’’ 
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oil of rlovos 1; the composition of I'ish ' of wliite oil of thynio I, castor 
oil 3; Wcijiort,^ xylol 3, anliydrons phenol 1; and Eycleshoimer» of 
equal parts bc'rganiot, cedar oil and jrhenol, are all used. Aniline 
oil deal's readily hut unless thoroughly removed the preparation 
become.s yellowish-brown fi'om tin; action of the light on the oil. 
The color may be partially removed by soaking for twenty-four 
hours in cldorr)form.* 

To Sldiii Tuhcirlt; Biirilli ill ('cHoiihii Scriionx; 1. Stain I'athcr lightly 
in alum-lncinatoxylin. 2. Wash in water. 3. Dchydi'ate in !).■)% alco¬ 
hol. 4. Attach sections to slide by the ether vapor mi'thod. .o. Car- 
bol-fuchsine minutes .steaming. 0. Water. 7. Orth’s discharging 
Iluid (acid alcohol) h-l minule. <S. Wash thoroughly in .several changes 
of water to remove acid completely and to bi'ing back blue color to 
nuclei. !). .\lcohul 1)5®/; until fuebsiue is entirely discharged. H). 
.Aniline followed by xylol; or blot and treat with xylol. 11. 
Xylol balsam. 

T’Ik' advantages of t.iis method arc: that the celloidin is colorless; 
the nuclei are stained blue; the rest of the ti.ssiie is colorless; the 
tubercle bacilli stand out in sharp contrast. It is sometimes an advan¬ 
tage to bring out the c(dl protoplasm and the iutereellular .sub.stanee 
by staining the sections, after dccoloi'ization in alcohol, in an acpieous 
solution of orange- (i or methyl orange for a few seconds.'^ 

1). C'l'istina “ describes a nielhod of celloidin section mounting in 
which the cut and stained sections are transferred to 91% alcohol for 
a short time, from which rcagi-nt they are taken by strips of blotting 
paper and t.i'ansferred to specially prepared glass slides. The slides 
are jn-cvlously spread with glycei'inated albumen (egg albumen .5, neutral 
glycerin 1). The paper .strij) with the sections attached is then laid, 
section side down on the pi-epared surface of the slide, other diy strips 
being laid ov-er it, and gently inx-ssed down with the finger. Ttie 
sectio IS are said to remain firmly fixed.’' 

The “ Newer ” Celloidin Method, introduced by E. Meyer * con- 

1. Proc. .\m. Mic. Soc.. ISiK!; \V. Russc, Zeit. wis.s. Mikr., 1802, 9, 40. 

2. Zeit. wiss. Mikr., t.SSU, fl, 4S0. 

;i. Am. Nat.. 1802, 2(), :15I; .lour. lioy. Micr. Sue., 1.802, .W.'). 

4. \'an (loisun, Am Mon. Mir. .1.. 1.8.87, 10; .lour. Hoy. Micr. Sue., 1.SS7, .AlO. 

.A. .S(K' li. T. Williiimsuii, “Tlic Tbcrcpeutic l!.sc.s of Cclloiiliii,” Hrit. Med. Jour., 

I. SOt), 1, 9US. , , 

(). Zeit. wiss. Mikr., 1004, 22, OtI; .'ibst. Jour. Roy. Micr. Sue., lIHk). lel. 

7. The nicllmd of P. Arsulinsky (Arch. f. Mikr. .\nat. u. Eiitwickl., 1000, .>5. 

II. A; alist. .luur. Hoy. Micr. Sue.. 1000, lOli) of slickinfi: celloidin sections on slides 
consists in first carefully clcauiug the slide from grease by alcohol ami heat, and 
when dry Mayer’s glyci-rol-allrumen is placed ou each slide and sprearl in a thin 
layer. The scctioirs are cut in 70% alcohol, carefully straightcncrl out and 
rcinoved with a dipper trr the slide .and then covered with alcohol. 

8. lliol. Centralh., LSOO, 19, .70.8. 
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sists ill soaking the colloidin iilocks in glycerol for twenty-four hours 
before cutting. Bunii'us' also advises clearing before cutting, using 
oil of thyme a.s the clearing agent. After clearing, the under surface 
of the mass is washed in ether, cemented with celloidin to a block for 
cutting, the whole being hardened by immersion for a few minutes in 
chloroform. Tlie knite is wetted with the clearing oil, the latter being 
used for covering the e.vposed surfaces of the object after each cut. 

Gilson’s Rapid Process. This process, taken from Lee’s “ ^hlde 
Mecum,” is as billows: “The object is dehydrated, soaked in ether, 
and brought into a test tube with collodion, or thin celloidin 
solution. The tube is dipped into a bath of melted paralliii, and the 
I'ollodion allowed to boil (which it does at a very low' temperature) 
until it has become of a syrupy consist cnee. It should be boiled down 
to about one-third of its volume. The mas.s is then turned out, mounted 
on a block of hardened celloidin, and the whoh' hardened in chlorofcu’m 
or in a mixture of chloroform and cedar oil for about an hour. It is 
then cleared in cedar oil (if hardened in pure chloroform; special clear¬ 
ing will not be necessary it it has been hardened in the mixtui’e).* It 
may now be fi.xed in the microtome and cut., using ci'dar oil to wet the 
knife, and covei’ the e.xposed surface of the object after each cut. 

“It will be observed that this process is veiy much more rapid 
than the old process, in two w'ays—the celloidin bath, being given 
warm, is greatly abridged; small objeejs can be duly infiltrated in an 
hour, whei'e days would be re(|uired by the old jirocess. The hard¬ 
ening is also much more rapid than hai’deiiing by alcohol, wdiich napiires 
at h'ast twenty-four hour.®. As collodion boils at a very low tcunper- 
ature, very littU' heat is recpiired, and there is no lisk. of the tissues 
suffei’ing on that head.” 

A. Lee has greatly improved this process by introducing a dry 
cutting method in place of the usual cutting with a continual wetting 
w'ith alcohol, lie .say.s: “ Infiltrate with collodion or celloidin either 
by (iilson’s process, or by .soaking in the cold in the usual way. This 
is a much slower process, but does not take up more of the worker’s 
time, as the specimens reipiire no attention whilst in tUe bath. Embed 
as usual, cither diicctly on the holder of the microtome, or in a paper 
tray or a water-color mold or the like. Harden in vapor of chloro¬ 
form for from one hour (generally sufficient for small objects) to over 
night. This is done by putting the object (definitively endieddt'd in the 
final thick .solution, but without any preliminary hardening in the air) 
into a Stcinach’s sieve-dish or into a desiccator, on the bottom of 

1. Am. Naturalist, ].sn2, 20, SO: .sec Gage, Trans. Am. Micr. Soc., 18%, 17, 301; 
Fish, I’roc. Am. Micr. Soc., 1803, 179. 
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whi(;h a teaspoonful of chloroforni has been poured. (TIio objects 
may remain for months in the ('hloroh)rm vapor if desired.) As soon 
as the mass has attained suffieieiit superficial hardne.ss, it is, of course, 
well to turn it out of its rccejrtaele, and tui’ii it o\'er from time to time, 
in order that it may Ixs equally exposetl on all sides to the action of 
the vapor. W'lu'n fairly hard (it is not necessary to wait until the 
mass has attained all the Inu'dness of which it is susceptible) throw it 
into tlilson’s mixture. This should be at first a mixture of one jrart 
of chloroforni with one or two parts of cedar oil. hroin time to time 
more cedar oil .should lie added, so as to lirinj!, the mixture up "radually 
to neai'ly pure cedar oil. As soon as the oiiject is cleaied throughout 
the mass may lie exqiosed to the aii', and the rest of the chloroform 
will evaporate gradually. Cut dni, the cut surface will not dry 
injuriously under .several hours. 'Hie cutting quality of the mass 
i.s often improved by allowing it to evujiorate in the air for .some 
hours. 

“The hardening may be done at once in the chloroform and cedar- 
wood mi.xiure, instead of the chloroform vapor.” 

Celloidin=paraffin Hnibedding Method. To combine the advan¬ 
tages which infiltration in celloidin and paraflin offer, a method of 
combining both is recommended. Iheparations that have b<‘en em¬ 
bedded in celloidin and hardened in SI)',’; alcohol are placed for about 
t.wclve hours in OUfl,', alcohol, from which they ari' ti’ansferi’i'd to a 
mixture of equal parts of oil of origanum, or thyme and SI)');, alcohol. 
They are then immersed for a short tinu' in the pure oil, then in a 
mixture of oil and xylol, and (imilly in pui'e .xylol. From this point 
the I'egular piu'aflhi infiltration method is followed, care being taken 
that the I'ieces nmiain in the various fluids for the shortest po.ssible 
time, in order that the celloidin m.ay not become brittle. 

^'e^T thin .sections may be obtained by painting the cut surface 
with a thin layer of veiy dilute celloidin, which harden.s ami gives 
greater consistency to the surface tissue. This treatment is u.sefid in 
the combined celloidin-par.aflin method as well as with the paraffin 
alone. In Kultschitzky’s method ' the obji'ct aft<‘r leaving t.lie collo¬ 
dion bath is soaked in oil of origanum. It is th('n brought into a 
mixture of origanum oil and paraffin heated to not above 10° and 
lastly into a bath of ptire paraffin, llydcr^ substit.utes chloroform 
fur the origanum. Ide " embeds in a tube by (iilson’s proc(‘ss, the 
collodion being boiled forty minutes, then brought for fifteen minutes 

1. Zeil. wiss. Milti'., bSS', 4, 'IS; alist. .lour. Roy. Micr. Sue., ]<S,S7, St.'i. 

li. Queen’s Micr. Hull., 18,S7, tli; alist. .lour. Roy. Micr. ,Soc., 1888, .'ilg. 

■S. l.a Cellule, 1,81)1, 7, 817; ISUg, 8, 11 1. 
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(for small objocts) into dilorofoi'in heated to 30° containing one-fourth 
part of pai'nffin, them for ten minutes into pure m('lted paraffin.* - 

Serial Sections by the Celloidin Method may be conveniently 
divided into (a) albumen nielhod, (h) bergamot oil method, and (c) 
ether method. In the all)umen method .Iordan coagulates the albu¬ 
men substratum by heat by me.ans of which the celloidin sections are 
attached to the slide, care being taken, howevei-, that the sections are 
co^'cia'd with a layer of tissue paper to prevent, the sections drying 
from the lieat. Ai’gutiiisky.'* ,1. Tandler •'> and IT. Bumjnis have 
(h'vised mollifications of this jirocess. hither Mayer’s albumen, albu- 
mi'ii dissolved in watei’ and sodium betunaphthol or .sodium benzoate 
or s.alicylate added as a preservative are sathfactory. F. Dimmei' 
uses gelatin instead of albumen, hi the bergamot oil method which 
has been developed by Apathy* and the later sinqdifications,'' long 
serie.s of celloidin .sections ai’c prepai'cd by dehydrating the surface of 

1. Riclil anil Martin fHull. Soo. Zook ile Franco, ISOt, 4S) make a solution of dry 
celloidin in a mixture of (M|Uiil part,', ahsoliilo idcoliol and toluene, of ahoiit the eoii- 
sistency of clove oil. Tiii.s solution is saturated with imrallin, aikied in sliavini;s at 
a tomijoratlire not ONceisling 2.'!°. The tissues arc ])ropiiri'd jiy .soaking in soitie of 
llie nii.xttirp of alcoliol and toluene, and are then (icnetrated with the eelloidin- 
paratlin solution. The mass is hardeneil in a saturated .solution of [laraflin in 
chloroform or in toluene, and finally einlieddeil in yiaratlin in the u.sual way. See 
also modifications hy .Salmssow, Mitth. St,at. -N'eiipel., ISllO, 12, .'i.Vl; Meyer, Iliid., 
mt)l, H, 2111); .Milroplianow, Arch. Zook E\per., ItlOti, (H), !{, (it"; A. Rrechner, 
Zeit. wis.s. Mikr., IIIOS. 2.'i, 2!h 121; alisl. .lour. Roy. Micr. Soe., IDOS, 775. 

2. V. Dahlgren (.lour. .\ppl. Mier., IStts, 1, 07; alist. Jour. Hoy. Micr. Soe., kSttS, 
■I.Sll) eomliines the parallin and celloidin method for emheilding ovii ami emliryo.s 
of amiihiliia, liy inlillering tlio olijects with celloidin in the usual way and then 
immersing in a large i|iiantity of chloroform for twenty-four liours. They are then 
tramsfern'd to a bath of ei|nal parts of chloroform and cedar oil, and after twenl.v- 
fonr hours are [ilaeed in th(‘ water hath in jiaralfin of the melting point that is io 
be finally used for embedding them. For solubility of celluloid and ])araflin in 
acetone see Marpmann, .\)iotli. Zeit., l!lt)7, 22, 4,Sit. 

It. Zeit. wiss. Mikr., ISttS, 1.5, .54. 

1. Ibid., Jtl(K), 17, 117. 

5. Jliid., lSfl7, 11. Illi; abst. Jour. Roy. Micr. Soc., 1.S07, 447. 

0, .\m. Naturalist, 1SU2, 21i. .SO; ab.st. Jour. Itoy. Mice. Soe., lSt)2, l.'tS. 

7. Zeit. W'iss. Mikr., IStlO, 1(1, 44: abst. Jour. Roy. Micr. Soc., kSDtl, 4I,S; ,1. 
Kingsley (Jour. .\ppk Micr. I,SOI), 2, 112.5; ab.st. Jour. Roy. Mier. Soc., I.S'KI, 44S) 
lirst hardens tliocolloilion in alcohol ami wlien hardened jilaccs in a mixture of jihcnol 
1, xylol li, the sections being cut with a razor flooded with phenol-xylol. \V. 
Rnbaschkin (.\nat. .\nzeig., 11107, til, lit); abst. Jour. Jtoy. Micr. Soc., l!)07.'()ltli) use.s 
albnnien-glycerol in the proyiortion 2 :1 for sticking sections to the slide. While 
cutting, (lie sections are tcmyiorarily arrangi'd on the back of the knife to the liandio 
and wlieii a siillicient ntinibcr Imve been thus collected are removed to the slide. It 
is iniyiortant, that every .section should be ((uile flat and wit,hoot creases. The .sec¬ 
tions may easily be smoothed out by means of n, brush and gentle pre.ssnre. When 
satisfactorily arranged on the slide, they arc covered with a mixture of eipial part.s 
clove oil and aniline. In 3-5 minutes the sections wall have become i|uit,e clear and 
transparent, tile oil is poured off, the slide washed with 90''/,, alcohol, in which they 
are kcjit until required. For certain defects in the above, sei' W. Duntschakofl 
(Zeit. wiss. Mikr., UtOl, 2.5, 32; abst. Jour. Roy. Micr. .st(jc. lllt)2, fio.S), 

,S. Mitth. Zook Stat. Neu[iel.,ISS7, 7, 742; abst. Jour. Roy. Mier. Soc., 138,S, 
<)71; Zeit. wi.ss. Mikr., FS.SS, .5, 45; abst. Jour. Roy. Micr. Six:., FSSS, ,S30. 

U. Ajiathy, Mikrotekuik, p, 127. 
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the celloidin block immediately previous to, and during the act of 
sectioning and removing the section to a strip of paper kept moist 
with bergamot oil. The bergamot oil appears to aid in flattening 
out the sections. In another method the microtome knife is first 
coated with vaseline, and then wetted with 70-80% alcohol. The 
sections arc drawn up on the knife blade with a needle as fast as they 
are cut and arranged in rows .so that the celloidin overlaps or at 
least touches. When a sei-ies is thus obtaiin'd, it is painted over with 
dilute colhidion solution, the Latter allowed to dry. when the entire 
.s(nics, as one piece, may be lifted from the microtome knife, stained, 
etc.' Dai’keschwit.sch has recently suggested a comparatively simple 
method foi’ pi-epaiing a seric's of <a'lloidin sections.^ 

In Obregia’s method the slides are tii'st coated with an alcoholic 
solution of sugar and dextrin, dried slowly until the surface is just 
sticky to the finger, paraffin sections arranged and heated for a few 
minutes at a temi)erature just above the li(|uef\i7ig point of the par¬ 
affin, the latter filing tliim removed by some solvent as benzol or xylol. 
The xylol is i-eplaced by alcohol and this in turn by celloidin solution 
in ether-alcohol. Tlie slides arc allowed to I'vaporate until the cel¬ 
loidin has solidified, and then detached by immersing the celloidin in 


1. If the sections arc to lio stained, the slide is removed from tlio bergamot oil, 
soflcni'd in ctlicr-nlnoliol vapor, immerscil in (l(l% alcoliol, and then stained in any 
alcoliolip solnlion of 70',';, strengtli or over. If an .aijneonH dyestud Ls to bo nscil 
loi staining, tlio celloidin sections are first atlaehed to each oilier by moans of other 
\'apor, when the entire series may be removed in a single mass and stained iiy 
nninei'sion in water ronlaining Ibe dye,stuff. 

2. .\ glass eyinnier of about (be diameter of the speeimen to be cut, am! witli- 
oot a nock, is lilled with alcohol. A .series of picoca of filter jiaper are cut to fit 
the neck of the bottle, numbered and wet with alcohol. E.aeh serf ion i.s removed 
from the mier'oluiiie by |iresslng again.st it a welted filter paper eircle. After invert¬ 
ing the paper so lliat the .section i.g upprnnost, it is depo.sited in rotation in tlio 
boltle, the serii.s forming a eolnmn of sections between inmiliereil paiiorg. In tliLs 
leamier llie .seeliijiis may be kept imlelinitely. When reaily lo .stain, tlii' alcohol i.s 
liotired off, and replaced by staining solution. They are tiicn mounted in any con- 
venirt.i manner. 

Witli Weigerl’s tnefliod (Zeit. wi.ss, Mikr., 18.S.5, 2, 'l!)(l; abst, .Jour. Roy. Micr. 
Six-., bS.Sti, :t4!l), designed especially for t he central nervous sy.stem, the manipulation 
is soinewbat, tedion.s, but entirely satisfactory. The [iroeess depends upon trans¬ 
ferring as enl, Die siieeimens to narrow slri|w of tissue ))aper. This is best done 
by rutting eaeli .section and immediately arranging in jiroper position olo.se to the 
knib'. Then a strij) of lis.sno jiajier twice the width of the section is genlly placed 
tifion if, and tlie seetion.s witlidrawn from the knife, tlie success of the process 
depending in a great measure n])on having little alcohol upon the knife, otherwise the 
specimen will mil stick. 'Tlie slrijis of paper wlien full are kept moist by placing 
on a lilotling pajier w'pt with alcohol in a sli.allow dish, the whole being covered 
with tissue pafii-r. When all the sections have been cut, each strip in turn is coated 
with a thin film of eelloidiii as follows: si rip of sections with Ibe speeimen side 

downward is covered with a thin celloidin solution. This fastens the sections, when 
llie [taper can be removed. A thin celloidin coat i.s flowed over the sections and 
the latter allowed to drain. Tliey are then slaineil. 

;i. Neurol. Ccntralb., 1890, 9, 20."i; (iulland, .Jour. Path., Feb., 1898. 
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water, forming a film which can he further stained, cleared and other¬ 
wise treated as desired. ]'’or large section.s see IJlochman * and the 
collodion-gelatin-pi-oce.ss of (liaconuni.^ 

Collodionization of Sections is a term whicli has been applied to 
that seih's of treatments whereby certain sti'ucl.ures ar(^ strengthened 
which arc so brittle by natui'e as to be prone to ci'umble and'disinte¬ 
grate when submitted to the usual mi'tluxls ])r('pai’atory to mici'oscof)- 
ical study. Structures like ova are frc'cpiently so dedicate and friable 
as to resist all attempts to mount them in tludr entii-el.y. This is 
especially so wdth the ova of Phalangida. This fragility may be over¬ 
come by covering the expos(‘d surface of the object with a celloidin 
solution before ea(di section, wdii(di s(’rvcs to bind togethei' thi' structures 
in a very satisfactory manner. W’Im'u applieil to tissues not ('specially 
delicate, it enabl(!S thinner sections to b(( cut than would otherwise 
be possible. The original method of adding a drop of celloidin solu- 
tioy to eaidi section befon; cutting has the tw'o defects of the softcidng 
action of the celloidin solvents on the paraffin, and the fact that the 
collodion upon drying shows a tendency to roll and curl.^ Mark '* 

1. Ror Dlochman’s modification of Wciffcrt’s process, .s('c Zeit.wis.?!. Mikr., 1.S07, 
ISf); liio Kulio, .\rcliiv. Mikr. ;\nat. ii. I'tntwickl., 11107, 70, 1; alist. ,Iuiir. Roy. 11, 
.Micr. Soo., 1007, 400, A complicated modification of Wciw'rt's nietliod, adaiitcd 
only for use with StraKscr’s automatic ribhon microtome lias liecn descriliod l),y 
Strasser, Zeit. wiss. Mikr., l.S.SO, 11, filti; also Ibid., ISSO, (i, l.'il; ISOO, 7. '200, 001; 
1,S02, 0, S, ISO,4, 12, l.ll; 1S07, 14, 100; 1000, It), 0:i0, 007. I'or the “Etlier 
-Method ” see Summers (Amer. Month. Mice, .(our., 1SK7, 70) and (iasc fl’roc. Amer. 
Sue. Mier., 1S02, S2). For Sch.allihaum's collixlion method see ,troll f. Mikr. Aiiat., 
ISSO, .'lO.'i, and Halil (Zeit. wiss. Mikr., 1S01, II, 170); Field and -Martin (Hull. Sue. 
Zool. Fraiiee, ISOI, 4S); (lallemaerts (Bull. Soc. Beljte do Micr., ISSO, lo, ,')(i); and 
Wiiitcrslcincr (Zell, wi.ss. Mikr,, ISOO, 10, 010). 

2. (laz del (‘liriische, !tov., l.SSo; alist. Zeit. wis,s. Mikr., ISS.l, 2. •tOl. 

;i, .Iordan (Zeit- wis.s. Mikr., ISOS, 1.1) prevents ourliiiK by the iidditiou of .I drops 
eedar oil to each l.t ec. celloidin solution. .Apathy (.Mikroteknik, p, ISO) mirolls 
e('lloidin sections by iiumersin;; them in warm wati'r. 

-t. ;\mer. Nattiralist, ISS.'), tt2S; abs(, ,Jour. Roy. Micr. Soc., ISS.A, 70S; stat(*M 
“Have ready a very little fluid collodion in a small bottle, through the cork of 
which passes a .small c.amelhair brush, wliirh just dips into tlie eollodion wifli its 
tip. The collodion siioiild lie of such a consistency that, wte-n ap[)lied in a tliin 
layer to a surface of paraffin it dries in two or three seconds williont leaviii}’ a sliiny 
surface. Collcslion of this consistency ilis's not iirodiiee a membrane on the par¬ 
affin in dry ins, and tlierefore has no tendency to cause sections to roll. It has 
furtlier tlie advantage tliat it penetrates to a certain ileptli Is'low tlie surface of the 
preparation, and fixes ttic dee)Kir layers of it in tlieir jilaees. Tlic collodion must 
be dihiled with ottier as soon as it begins to show signs of leaving a sliiny surface 
on the parallin. 

“Take the brush out of the colloidon, wipe it against tlie neck of the bottle, so 
."’.s to have it merely moist wit.li collodion, and (jnickly pas.s it over the free surface 
of the preparation. Fare must lie taken not to let the collodion touch the vertical 
surfaces of the paraffin, especially not the one which is turned toward tlie operator, 
as tliat will probably cause the section to lieconie stuck to tlie edge or under tlie 
surface of the knife. As soon as the collislion is dry, wliieli onglit to lie in two or 
three seconds, cut the section, witlidraw the knife, and pass tlic collodion brush 
over the newly exposed surface of the paraffin. While this last layer of collodion 
is drying, take tip the section from the knife and place it with the collodionized 
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has doscribed a method that has found atx'eptance with a large number 
of workers in this field. In order to obviate the tendency of ether to 
sofUm and dissolve paraffin, Honking' uses a saturated solution of 
paraffin in absolute alcohol. In order to effectually fill any cavities 
in the speciint'ii, Habl ^ keep.s tlui temperature nearly 100° by means of 
a water bath. This also has the additional advantage of preventing 
the sections from curling. Ileider^' adds an ethereal solution of mas¬ 
tic to collodion, diluting the mixture with ether until (piite thin. C. 
f’egaud ' has desci'ibed a method of “ collodionage” of cells (blood, 
semen, eti’.). 

Celloidin Injection Mass. In the formation of injection masses, 
celloidin plays an important p.art, the disimvery of which is due to 
Schiel'fei’decker. Very small blood vessels and capillaries arc easily 
penetrati'd with collodion masses, the viscosity and elasticity of which 
protect,s them from injuiy iluring the injection proceB,s. Its applica¬ 
tion is not dilficult, and by using a very soluble collodion of great 
fluidity, shrinkagi' due to evajioration does not become a serious draw¬ 
back. The arterial and vcmnus system may be differentiated by 
em])loying celloidins with different coloring matters in suspension. 

Anphalt Cdloidiii IiijirHini. Powdered a.s])halt is placed in ether 
until dissolved, the colored ether decanted and the celloidin dissolved 
in the latter, which is then ready for u.se. 

h’ld (ind JUik: Masuci^. It is often desirable to color the arteries 
red and the veins blue, and a pigment, rather than dyestuff, is selected 
on account of the fact that the solid particles of pigment do not pene¬ 
trate the arterial and venal walls as would be possible with dyestuffs, 
and hence finer work is obtainable. Prussian blue or a red lake (as 
maddei' lake) is first ground in a small amount of rectified fn.sel oil, 
and this incorporated with the celloidin solution. Vermilion is also 
said to be a,suitable red. The amount of coloring matter added should 
b(> 'is little as possible, as the solid particles render the mass brittle 
uiion drying. Jf a fine injection mass is irapiired, the pigment .should 
be doidde ground in a paint mill, as indicated in Chapter IX. The 

surface ilewnward <m a slide propareil with fixative of SclialHliaum. Then cut the 
si’cond .section, and repeat the nninipidations just do.scril)cd in the same oolcr. A 
skillful operator can cut rihhoa.s of sections, collodioniziiig cacti section.” 

1. Zed. wiss Mikr., ISSti, 3, ITS. 

2. Ihid,, IS'.ll, 11, 170. Por fjcndeufeld’s intricate modification see Ibid., 1001, 
18, bS. 

3. Ahst. Zeit. wi.ss. Afikr., 1802, 8, .500. For the celloidin method for hard 
plant tissues, see A. Plowman, Zeit. wi,ss. Zook, 190,1, 78, 552; ahst. Jour. Roy, 
Micr. Soc., 1005, 202. 

A. Zeit. wi.ss. Mikr., 1001. 21. 23; ahst. Jour. Roy. Alicr. Soc., 1005, .589. 

For celloidm decalciReal ion and desilication of dental enamel, see C. Bodecker, 
Zeit. wiss. Mikr., 1905, 22, 190; 1908, 25, 21; ahst. Jour. Roy. Micr. Soc., 1905, 
701; 1008,774. 
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syringe used should be first cloaiu'd with ether or a solvent of cclloidin, 
care being sc('ii that flio ])istou does not tit the syringe-tube too closely. 
The injection should bo made as quickly as possible to guard against 
thickening of the solution by precijiitation of the pyroxylin, from 
osmosis of moisture through the capillary walls. 

The injected organ is first placed in hydrochloric acid, diluted, 
according to the danger of shrinkage, in which it is left until the tis¬ 
sues are sulficii'utly softened so that the tissues may be entirely cleansed 
fi-oiu fragments of clotted blood by washing with a saline solution. 
The ])r(‘paration may be (lermanently preserved either by mounting 
in glycerol, or if it be sectioned, fiy the previously described method 
of cclloidin einbc'ddiug.i 

Celloidin or Collodion Sacs wore first widely known through the 
researches of Metschnikoff, Itou.x and Salembcni,^ during their inves¬ 
tigations on the siiirillum of A.siatic cholera, although Morpurgo and 
Tirelli'* made some use of them three years previously. .Noeard and 
llou.x. on their investigations on the eause of pleuro-pneumonia in 
eattle, followed by Vincent,''’ Noeard,*’’ F. Novy,^ (1. Gorslinc,* (h'^ndi- 
voupoulis and Uulfer,® K.Grubbs and hi. Francis,'*’ llodetandGruechoff,” 
Levy,’” and S. Bigelow’” alone and with X. G'emberlingare among 
those who have successfidly used cellulose nitrate sacs in utilizing the 
phc’noiiioiion of dialysis either bacteriulogically or for pure physico¬ 
chemical work. At the present time the growing of eultures in eollo- 
(lion sacs in the peritoneal cavities of animals has bocome a common 
procedure in all hactc’i'iologieal laboratories whei'o it is desir(’d that 
lh(! culture in its growth .shall be raisc'd in virulence tlirough the action 
of the nutrient body fluids, and yet be protected from the influence of 

1. For collodion infiltration of plant tissues in botany, see M. Tliomas, I’roe. 
,\ni. Micr. 8oc., ISilO, ahst. .Jour Roy. Micr. Soo., ISUl, 4'2:i. Uellarininuw 
(.\nat. .Vnzoig., ISSS, 3, 050; abst. .lour. Roy. Mier. Soe., ISSU, 1,51) iias iound tlial. 
section.s of llic eyo injected witli Berlin bine can be decolorized vvitli cau de .Javello 
(chlorine water).' For decoloralion of orcein stained eelloi<lin [)re|)arafions .see II. 
■Iordan. Zeit. wiss. Mikr., ISltS, LI, .53; al>st. .lonr. Roy. Micr. Soc., l.SO.S, 000. See 
also Zeil. w'iss. Mikr., l.SiHi, 13, 302; al)st. .lour. Roy. Micr. Soc., 1807, 170. 

2. “ToxiiK! et Yntito.xine ('liolerif|\ie," Ann. de I’Inst. Pasteur, 1800, 1(1, 201. 

3. Arcli. ital. hiol., lH!i3, 18. 187. 

4. Ann. .le I’lusl. l>a.steur, 1,8!I8, 12, 240. 

5. Ibid,, 1.808, 12, 787. 

6. Il)id., l.SOS. 12, 501. 

7. “ Lalioralory Work for Bacteriology,” iSOO, 400. 

8. “On tile Preparation and U.sc of (iollodion Sacs,” Contriliutions to Medical 
Research, UI03, 3i)0. 

0. Oompt. rend. .s*. Biol., 1000, .52, 1100; Brit. Med. .lour., 1000, 2, 1305; 
abst. .lour. Roy, Micr. Soc., I!K)1, 08. 

10. Bull. 7, ilyKienic I,al)., U. S. Murine IIosp. Service, May, 1002. 

11. Compt. rend. soc. Biol., 1000, 32, 0(i5. 

12. Jour. Infect. Dis., 1005, 201-218. 

13. J.A.C.S., 1007, 29, B)75. 

14. J.A.C.S., 1007, 29, 1.570. 
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the }>()dy cells and plia^oc} tes. Unlike other dialyzablc ])odies, the 
cellulose nitrates arc unaffected by Ihti gastric and intestinal juices, 
hence the soluble bacterial products can osmose through the celloidin 
membrane and thus be absorlH'd by the tissues, while at the same 
time the animal liuids can pass within and serve as nutriment for the 
l)actcria. This, therefore, affords a ready means of exalting viruleiu'e 
in bacteria, and of producing agglutinative and other phenomena, 
witho\it great dilliculties being thrown in the way. 

As stated by Novy, the earlier iiiethods of forming collodion sacs 
practic(‘d by the Erench investigators w(‘re both laborious and time 
consuming, and he lias evolved ti much simpler method ^ The process 
of manufacture published by .1. McCrae in 11)01,^ in which gelatin cap¬ 
sules are coat<*d with collodion U. 8. P. is both simple and inexpen¬ 
sive, the resulting sac being mounbal on glass tubing as ])repared for 
fiiiid use.’^ McCrae’s method, as improved ujion by N. Harris,-* is to 
attach a t>iece of small glass tulnng to the smaller end of a veterinary 
g(‘latin capsuks*'’ the capsule di]>i)ed in celloidin solution, driiM], and if 
desired, reinforced by one or more atlditional coatings. The sac is 

1. Ibid., loTS. ‘‘ small oriticc of one or two mm. in diameter is l)lown in the 
])oltom ol' a tube of the diameter of llu? sac which it is desh'od to make. This hole 
is first closocl with a laycjr or two of collodion, care being t-akon not to allow any 
colkklion to go tlirough tlie opening to the interior of (he tube, 'i'liis closing is 
conveuienlly aecomplished by touching the l)ottoin of the perforated tulie with a 
eork carrying some collodion solution, allowing time for a jiorlion of the solvent 
to evaporate, touching again, and so on until the closure is of the desired thickness. 
A flask, or cylinder, eonlaining the collodion solution is tijiped so that the tube mold, 
or ‘ roll-lube ’ may be inserted and may b(‘ rotated just touching the surface (jf the 
collodion for a leiuith somcwliat in e.\cess of that of the sac to be made. The tube 
thus coated with collodion is taken nut of the flask and a .short time is allowed for 
some of the solvent to evajiorale. It may then be inscrUsl in the flask and rotated 
once more to givt; it an(»Llier coat., and liiese o])(‘rati(ms may lx; repeated until the 
collodion membrane has aci|uired almost any desireil ihickuess. Rut it is ailvisablc 
to use a collodion of such consistency tliat om^ insertion and rotation suffices. When 
the coating has ‘s(“t’ and does not stick to the finger, llio tiilx' is ])lungetl into 
water and water is poured into the interior. If the collodion is immersed in water 
too soon, it Ijecomc^s white and opa(pie, somewhat bnttle and not durable. If the 
immersion is loo long ilelayed, tlio collodion is apt to adliere to the tul>e so finnly 
that it is difficult, to remove it without tearing. The proper interval, varying 
between two and fifteen mimit<‘s. according to the consistency of the original eollodiou, 
is easily learned in two or three trials. By lilowing into this tube and simultaneously 
pulling and twisting the membrane gently, the water is forced through the jierfor- 
ation and between tlie collodion membrane and the tube. With modenile care it 
is not at all iliflicult to iletacli lhi‘ very tran.sparent and tough collodion sac. There 
appears to be almost no limit to tiie size of the sacs which may thus be made. Novy 
and (lorsline’s sacs for thi'irstriking demonstrations of the phenomena of dialysis 
were freijuentiy tO eni. long by cm. in diameter. 

“Dialysis occurs with great rapidity through such sacs and the whole process can 
be watched without the Iciml difliculty because of their transparence.” 

2. Jour, Exper. Med., 11H)1, 0, 

*.3. See J. Matthews, Jour. JMiysical Uhem., 14, 2S1. 

4. (Vntrall). f. llakt., 1!)()2, JJ2, 7-1; Bull. Jolms Hopkins Hosp., 11)02, l.l, 112; 
abst. Jour. Hoy. Micr. Soc., 11)02, 502. 

5. Parke Davis & Co.’vS Veterinary, No. 12. 
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filled with broth, sterilized in an Arnold steam sterilizer, and then 
inoculated.* After testing for tightness it is ready for insertion into 
the peritoneal cavity. The methods of W. Frost ^ and W. Hai’vey ^ 
contain impoi’tant modifications, the latter hardening the cclloidin 
coating by immersion in chloroform. 

Physical Properties of Collodion Membranes. The usefulness 
of collodion membi'anes in osmotic and other jdiysical expraiments is 
bec^Oming more fully appreciated by chemists and physicists. As far 
back as 1855, A. I'dck * recognized tjic u.sefulnes.s of collodion mem¬ 
branes in the study of diffusion phenomena; \V. iSchumachei' 
devised a method of making closed collodion sacs, with which he carrii'.d 
out various experiments; llaraiietzky,® who has published a lengthy 
article on the subject, worked exclusively with collodion solutions, his 
results showing that cellulose nitrate films are distinguished from 
animal membranes, parchment paper cf cellulose by a diminished 
permeability fur saline solutions. Gorsline ^ records that ])eptone, 
albumoso, albumin, starch, dextrin and certain enzymes in from 
0.5-1‘X' solutions all dialyzed through a <‘ollodion membrane in dess 
than twenty-four hoiirs at a teni]ierature of d5° in (luantities sufficient 
to be readily recognizable. Malfitiino ** in filtering a colloid through 
collodion found that the major ])oi'tion had i-efused to dialyze. Hierry 
and (liaja ® made the discovery that i)ancreatic secretion having passed 
througli a collodion membrane refused to hydj'olyze stai'ch or maltose, 

1. The gelatin is removed l>y filling the capsule with water by means of a fino- 
bore pipette, boiling for a couple of minutes in water, sucking out tlio dissolved 
gelatin and rinsing the sac with hot water to remove traces of gelatin, the sac Ix'ing 
refilled with bouillon. Sterilization is effected by placing the sac in i\ tube of broth, 
Boc end up|>ennost, with enougli brotli in it to cover the sac to a_ <lepili of about 
1 cm., and either autoclaving for five minutes under one atmosphere pressuri*, or by 
steaming for thn*e consecutive days in an Arnold sterilizer. The sac is inoculated 
by first removing some of its contents under aseptic conditions, and then introducing 
a small (juantity of the desired l)acterium in suspension or in fluid culture, the glass 
tul)C l)eing then scaled off in the flame. The iruKUilated sac is testi'd for tightness 
by incubating it in a bouillon culture tube, after first wasfiing it thoroughly with 
Bterilo water to remove any organisms wliich migtit have uliglited u[)on it during 
the exposure to the air during llie iniKMilalion and .siniling. If after incubation, 
the broth outside of the sac remains sterile, it is then ready for insertion into 
the animal abdominal cavity. If, on the other hand, growth occurs in the liroth 
outside of tlie sac, it d<x3.s not necessarily prove the i)orosity of tlie cclloiflin sac 
for the exterior of the sac may not have l>een ste.rilo at the moment of its intro¬ 
duction into the liouillon culture. 

2. Ontralb. f. Bakt., IffO.d, 733; Brit. Med. Jour., 1903, 2, 313; absl. Jour 
Roy. Micr. Soc., 1903, 77fi. 

3. Ibid., 1908, 4G, 285: ab.st. Jour. Roy. Micr. Soc., 1908, 391; see also K. Keller- 
man, Jour. Appl. Micr., 1902, 5, 2038; abst. Jour. Roy. Micr. Soc., 1903, 112. 

4. Pogg. Ann.. 1855, 94, 59. 

5. Il)id., 1800, no, 337. 

6. ll)id., 1872, 147, 195. 

7. Contributions to Medical Research,” 1903, 390. 

8. C.H., 1905, 141, 060. 

9. Comp. rend. soc. biol., 1907, 02, 432, 
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but that on adding a halogen electrolyte, the inhibited activity of the 
ennyme was restored apparently without loss of power. M. E. Gripon ^ 
found that collodion nu'nibranes rellcct light and polarize it like glass 
both by transmission and reflection, and also that they reflect a very 
nnich largei pro])ortion of radiant heat, for the study of which they 
are preferable to mica. J. 11. Matthews,^ who has made numerous 
qualitative exjjeriments with collodion membranes, finds that they 
are not true scmi))ermeable osmotic membranes, but permit the pius- 
sage of solute ius w(dl as solvent, from which the author infers that 
when osmotic a<'tion 1,akes i)lace it consists of a major and a minor 
current in opposite- directions. In experiments in which a solution is 
placed on one side of the membrane and a different solvent on the 
other, no transference was found unlc.ss at least omi of the solvents 
is capalile i)f wotting the na-mbi-ane, or the latter contains a trace of 
alcohol. He claims the direction and extent of the osmotic action is a 
qiiestion of relative solubility. B. Bigelow-* alone, .and with A. Gem- 
berling'* have studied the cff(!cts of forcing a jmre liquid through one 
and the same or through different mcnd)raues at varying pressures 
and temi)cratui-es so as to obtain comparable numerical values. The 
apparatus employed consisted of a vertical glass tube, to the lower 
end of which was fixed a brass hoUlcr having an opening 15 mm. in 
diameter closed by a llati nu-mbrane. of the given matej-ial held in posi¬ 
tion by means of a met-al ling and sen-ws. .\t right angles above the 
holder there was a calibrated cajnllai'y tidii- provided with mm. scales 
for measuring the volumes of liquid jiassing through the membranes, 
and some distance, above this there was a stiu-cock in the vertical tube. 
The pressure was itlitained and regulated by mc-aiis of two mercury 
bulbs 10 cm. in diameter, the lower fixed in iilace and the other mov¬ 
able. In using the apparatus, fin- membrane holder and vertical tube 
were filled with water to above the stopcock, and the capillary tube 
nearly to the end of the scale toward the pressure bulbs, and the 
])iessure apjdied by (qa-ning a slo))cock in the cai»illary tube between 
the bulbs and the scale. The number of cubic millimeters which would 
jiass through I sq.cm, of na-mbraue in one minute was adopted as 
the unit of permeability. By means of this aiqiaratus it was found 
that thin collodion niemlniincs immersed in water gave practically 
the same permeability residts in successive ex])eriineTits; and that 
their ircrmeability was not materially alteri-d under tlui r('lati\-ely high 
piessure of .StO mm. of mercury. Goldbeaters’ skin showed a lower 
degree of permeability than collodion membranes of two or three 


1. (Ml., 1.S7.';, HO, .\|ir. 

•1. J. Thys. t'hwii., l^t, 2.S1. 


3. ,I..\.(’,.S., l!l()7, 20, 107,A 

4. Ibid., im, 20, 17)70. 
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iiiiics its thicknnss, wliilo parcliment paper altered eontimiously under 
constant teinpcratui'c and pressure, beconiiiif; less and less pcrineahle. 
The general conclusions arrived at wei'e that Poiseuillci’s law for the 
passage of liquids through capillary tubes applied also to the passage 
of water through the four meinbraiu's; arid that the rate at which 
liquids pass through molecular interstices was capable of expression 
“by the same laws which formulate the passage of liijuids through 
cai)illary tubes.’’ 

As the result of an exaininatiou of the enzymes, pr'psin, tryjisiu, 
rennet, s1ea])sin, ptyalin, emulsin and takadiasta.se, A. E. Porter ■ has 
found that all of them, with the e.xceptioii of the last named, become 
inactive in contact with a collodion meiubrane. Exccjit in the ca.se 
of ptyalin, an anti-enzymic power is developed, which is specific, being 
limited to preventing the action of the enz^uae from which it was pi'o- 
duced. fStomach cxtract.s rendered inactive in this way, however, 
pri'vent the action of pepsin, trypsin and reum.d. AVatt'r d(.)es not, 
e.xtract from the collodion membrane any substance having this prop- 
ei'ty, which is also shown, though in less degree, by gcdalin, reed* and 
white of egg membranes. The formation of anti-enzyme is less, the 
purer the enzyme talu'ii.- 

1. Hioelictii. Zeits., 11)10, ‘ij, SOI; f’f. Rochhold “IColloiilstadicn mit ilcr Fil- 

IriUioiisnu'tlioile,” Z. Pliysik. I'licin., 1007, (id, Fertile cITcct ef willoilieii 

m<'iiiliran(‘s on saponin, soliininc, anil the lionnolyiic glncosiilo found in Amaruia 

soti W. Ford, ,1. Phnriniicol., 1010. 1. 200. 

2. .-tulliors who liavo worked in thi.s field and ohsorved, have failed t() record 
the great, variations in pennoaliility of collodion mcniliraiies, in the tollowing two 
particulars: (1) Tlio same cellulose when nitrated so as to [irodiiee a more fluid aiul 
less viscous solution, will, upon evaporation, jirodiice a more difficultly permealile 
film tiian the same weight of viscous pyrovyliti dissolved in the .same meiistriiuni. 
(2) The .same pyro.xylin will vary in ])orosiiy depending only upon llie solvent in 
which it has been dissolved, an amyl acetate solution of a cellulose nitriUe. .yieldiiif' 
a inore compact and difficultly dialyzalile film, tlian the same p.vroxvlin dissolved 
in ctiier-alcoliol. Tlie introiluction of minute iiiiantities of veaetalile or animal 
oils, t'anada balsam, turpentine or other water-repellaiit bodies in a collodion solu¬ 
tion will materially affect the speed of o.smosis through the film when evaporated 
to dryness. It i.s siigRC.sted that the lack of conc.onlancc ol results in this field 
may, in no small measure, Ire attributable lo insufficient appreciation of file yalue 
of tliese two facts. 



(;iiapt]‘;r xvi 

COLLODION AND THE CELLULOSE NITRATES IN PHARMACY AND 

MEDICINE ‘ 


The first practicial solvent, of thi; e(filuloso nitrates found was a 
niixturo of alcohol and etliei-, a solution of tlu^ fornu'r in the latter 
liquids being known as collodion. In the January following the 
announccuncnt of the discovery of guncolton by Schonbein, J. I’arker 
Maynard of Boston,- tlicn a student of medicine, sugg(!stcd the u.se 
of “ the soluble form of guncol ton ” for usi: in .surgery as a vehicle 
for medicine, and as a sticking plaster, altlumgh, as jjointed out by 
Kahlbaum,'* Schdnbein made use of an ether alcohol solution in IS-IG 
which he called his “ liquid glue ” or “ liquor constringens.” May¬ 
nard published a 12jno book in 1S4S, in which he gave a resume of 
all Ihe existing information on tlu' therapeutic aiiplications of collo¬ 
dion, this being the first clear exposition of the svdiji'ct® printed. 
So much interest was aroused in this preparation that the U.8. Phar- 
macopala of bSGO contained a method for the manufacture of the 
“ guncotton ” and directions for preparing collodion from it.*’ 

I. Eor iiifonnalion ciMil.aim'il iti this cliapler the author is imlehlcd to Mr. 
Ueiijatnin L. Murray 

2 Although Maynaril is generally creilileil willi tills discovery liy his .article 
‘‘The Drigiaal A|iphcalion of a Solution of C.oltoa to Surgi'ry," IL .M. and S, .lour., 
tS4S. Its, It must he reiiicnihcrcd that S. L. Rigitow ludilislied in the same 
pcrio'ti|.al tile week previouslv " Discovery and Ap|ilicatioii of flic .New Litiuid Court 
Plaster," H.M and S, Joiir.,'lSlS, tlS, ITS. 

3. Prom U. S. Dispensatory, mtli Isd. p, 3.S.T; Nat. Drug., 11102, p. S. 

4. Lancet, Lond., IstU, I, 2SU. 

Among other earlier piililicalions are: (1. Borelli, Cazz. tried. Hal. lomh. 
Milano, LS.IO, I, 13, 21, 2',), .37; Camlirclin, Hull. Soc. dc mcd. de (iaiid, ISIS, l.T, 
343; V,. Dcschaiigc, Arch. Iicigcs dc med.mil. Hrtix., ISjl, 7, 47S; ti. (loyranil, 
(liiz. mcd. dc Par,, IS,IS, 13, 77S; J. llarriss, H. M. and S. Jour.. IS,IS, n.s., 11, 70U; 
I’. Hervier, M bretin, Rev. mcd. franc, el etrang., 1S4U, 3, L'w; ,1. Lassaigne, 
,1. de chiin. mcd., etc., IS4S, (3), 4, ,711; E. McArtlnir, N. 0. M.andS. J,, 1S.71, 
8, 258; Magnes-Lalirens, .1. de mod. cliim. ct pliarni , IS,50, n.s., 2, 14; Malgaigiie., 
Hull. Acad, do mcd., 1S17 S, 13, 1372, 1301; J. Sargent, H. M. and S. Jour., LS4S, 
38, 240; Schindler, Z. f. kiln. Mcd. Hrcsl., lS.il, 2, 21)3; Schollcr, Z. f. Erfahrngshlk., 
1S4S, 2, 340, .1. Sims, N. O. M. and S. J., 1S4S, 5, 257; W. Smit, N. med. chir. 
Ztg., 18.50, 3, 33; .1. Starlin. Mcd Tunes, ISltl, 11), 177; D Stewart, Lancet, Lon., 
1S,57, 11, 72; E. Willson, Iliid., ISIS, .5.53; F. llisch, Med. Ztg. RnssL, ISll), (!, 0. 
Sec also Index Medicus, and ealalogue of II. S, Surgeon (ieneral’s Eilirary. 

0. The nitrating mixture coitsistcil of sulphuric acid ami potassium nitrate. 
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The Pharniacopoeal Collodions.' At the prosont time all the 
Pharmacopojias have collodion as an official pri^paration tin; stn'iigth 
of pyroxj'lin and proportion of solvents t.ogetlu'r wit-h the othc^r official 
preparations in which the ('(‘lluloso nitrates occur, being reproduced 
luirewith as taken from llirsch Universal Pliarmakopo(^, 1902. With 
the cxcc'ption of Austria, Hungaiy and Japan, all give methods and 
formulas for th(^ preparation of collodions, which in several of fJiem 
include pi'ocesses for tlu; formation of })yroxylin. The 4% solution 
of the Belg. (PharmacoiJoeia) and the 5% solution of the Port, contain 
castor oil in addition. The other formulas are: 



I’ytnxyliii. 

Ellior 

Alcohol. 

Total. 

Bril. 

10 gm. 

360 ecm. sp.gr, 

120 eein. sp.gr. 

374.68 gm. 



0.735-261.0 gtn. 

0.834 -100.08 gm. 


Dan.,Fin..fier.,Ilelv., 





Norw., Huss. 

1 

21 


25 

Call . 

1 

15 sp.gr. 0,724 

4 of 0,5% 

20 


1 



:u 

S|)an. 

1 

25 sp.gr. 0.7.58 

3 

29 

Ital. 

1 

12 

4 

17 

Neth. 

1 

20) 

5^ 

331 

Roni. 

1 

15 

4 al)solnti! 

20 

Swiss. 

1 

35 

.■> 

n 

U.S. 

30 gin. 

7.50 ccm, sp.gr. 

250 ecni. sp.gr. 

780 gm. 




0,0820 ■ 205 gm. 


or. 

1; 

i8.1G7 

0.833 

20 


Collodion is a colorless (Finn., derm., Ilelv.) or also pah: yellowish, 
readily opalescing (L)an,, Norw., Rom.), as thick as syrup (Hung.), 
translucent and somewhat slimy, neutral fluid, which u])on evapora¬ 
tion of the solvent portion leaves a colorless, firmly cohering film, 
which should show no .acid reaction U]>on moistening with water (Neth.). 
The weight of this film shordd amount to about d% (Japan.), at least 
3..")% (Han.), 3-0..")% (Ituss.) 3.S-1.% (U.S.) of cellulose nitrate. 

Collodium Cantharidatum. (K]iis])astic collodion, Japan, col- 
lodium vesicans, Brit. Also ealkal “blistering collodion’'). Is official 
in the Belg., Brit., Dan., der., Ifelv., Jaiian., Nor., Port., Russ, and 
II.S. The method of formation is to t.ake 100 parts of i)owdered can- 

1. The followinR selected from .\m Joar. Phann., comprise the more impnrliint 
articles on IMuarmacopa-al collodion not noted elsewhere in this chapter; Liiniiii, 
23 IH'2; Parrish, 21, 2112; Leidy, 22, 2t; Rigelow and MayiiitnJ, 20, 181; Retitson, 
2.1] 1(1: (hitting, 27, .'>.'>1: Livermore and I’arrish, 20, 181; 20, KKi; Musgiller, 42, 
145- IrShiirt), 31), .tiS; TlolTirmnn, 20, (it; Mialhe, 21, 42,234; Schncht, 20,(11; 
I’rw'lor, Jr., 20, lO.'i; .30, 304; (taspari, 30, 371; Edwards, 21, 233; Maynard, .38, 
.563; Sherman, 30, 212; Thomp,son, 42, lit; Strolherger, 41, 370; Mclle?,, 23, 370. 
For variation in strength of Pharmacopcnal collodion see W. Scovillc's Proc. Am. 
Phann. Assoc., 1007, 55, 325. Sec V. (lainct, Mat. grasses, 1910, 3, 1805. 
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tharidcs, macerate three days with laO parts (Japan.), 150-175 (Belg.), 
or 160 (Russ.) ether, then filter and wash with ether until 100 
parts of filtrate are obtained (Japan.), pressed out and filtered (Belg., 
Russ.), the total amount being 100 (Belg., Japan.), <S4 (Russ.) parts. 
Or (Port.) extract 100 parts powdered cantharides by percolation 
with a mixture of 700 parts ether and 300 parts alcohol, the yield not 
being given. Or (Brit.), JO oz. cantharides is percolated with acetic 
ether (ethyl acetate) until 20 oz. of filtrate is obtained. The ean- 
tharides other mixture obtained as stated above serves to dissolve 
the pyroxylin in the proportions stated in the following table: 


Ingredients. 

BcIr. 

1 lirit 1 

Port. 

Russ. 

C'antliarides ether extract... 

1(10 

100 fl.oz. 

or 1200 cc. 

05 

84 

Alcohol. 

10 of !)2% 

— 


— 

12 

Pyroxylin. 

3 ti 

2 ..5 07, . 

5 gm. 

5 

4 

To make. 

113.0 

02.5 07. 


100 

UKJ 


Tlie other Pharmaeojifeias use instead of pyroxylin, which is not always 
entirely soluble, ordinary collodion, oi the elastic, or flexible collodion, 
which is mixed with the cantharides ether e.xtract obtained by ijer- 
colation, and conconti'ated by evaporation or distillation, as indicated 
in the following table: 



Ditii. 

Gotm. 

ITt'lv. 

Norw. 

u. s. 

(’atitharidos powd. 

100 

100 

100 

UK) 

GO 

Ether . 

150 

(.|.S. 

rps. 

q.s. 


(diloroforni. 





q.s. 

('anth. K\t. coiir. to... 

1 .) 

Thick syrup 

Thick syrup 

Thick syrup 

15 

(lollotlioii. 


<|.S. 

tps. 



Oiilodion elastic. 

S5 



(l.s. 

85 

I'rouuct. 

100 

100 

100 

100 

KX) 


Japan mixes equal parts of the cantharides ether extract and collodion, 
without previous concentration of the former. 

Collodium Flexile.- I’lexible or elastic collodion; eollodium 
tenax. Tn all Pharmacopfclas with the cxca^ption of Pin. It is pr<;- 
pared (Belg., Port.) by dissolving 4 parts pyroxylin in a mixture of 
ether SO, alcohol 10 parts and castor oil 6 (Belg.); or 5 of pyroxylin, 

1. It i.s rccommciulod (Crooiush and Wilson, I’har. .lour., IHUS, 2.')0; I'roc. 
Am. Pharin. Assoc., IStlS. tllW) to prepare the “ liiiuor cpispasticus ” with can- 
tharidin in.stoad of powdered cantharides. 

2. See Fharm. Zlg., ItlOO, 51, 73, 
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70 ether, 20 iileohol, and 5 castor oil (Port.). Most I’harinacopoeias 
conibiiio these constituents by shaking with castor oil or glycerol, as 
shown below: 




[ lirit. 


Gorm 

(?rec. 

u. a. 

Collodion . 

! IM) parts hy volume or 
72 parts hy weight. 

jur 480 cc. 

94 

90 

02 

Canada Ralsam. 

4 parts. 

20 gm. 

— 

— 

S 

(lawtor 01! . 

2 parts. 

10 gm. 

1 

1..7 

3 

Turpentine. 

1 


.I 

4 .5 


To make . 

7S 


100 

96 

UK) parts. 


In the usual action of collodion, tlu! evaporation of the large bulk of 
solvent in comparison with the quantity of total solids present, th<' 
ether ('vaporating (^sp('cially rapidly, causes tin- formation of a (iltu hav¬ 
ing nnnarkable adhesiveness and eontraetility. Tlu; latter jn'o))- 
erty in the treatment of minor surgical wounds arid tor tla^ jjrot.ee- 
tiou of abraded sui'fac(!S is very valuable, altlumgh on an unpi’oI.ecPal 
surface or ojam fissur(p th(! ether is quite ])ainful, d>ie to the burning 
action of the jrartially confined solvent.i The iwaporation of the 
solvent causes a contraction of the film, and this elTect is taken advan¬ 
tage of in eases where contraction of t.he tissues is desired, as in coapt- 
ing the edges of a wound. When! collodion is used simply as a means 
of protection, the contractility of the film is a distinct drawback.^ 
To obviate this, the flii.xible iiollodions wi're introduced into practi(!e. 

1 . The great difficulty in the surgical use of all collodions i.s the slight t race of 
moisture wliich it is difficult to remove from tlic skin, and tlii! secretions from tlie 
wound or tlic normal perspiration, exude and form undeniealh the impervious 
skin a repellent layer wliicli detaclies tlie collodion film. 

2. In the ease of, for instance, carhuneular sores, till! up]ilieation should first 
Ik! raaile on the outer circumference of tlie swelling, and tliereafler on drying, 
oth(!r coats be applied, each one of smaller eireumfereiiee tliaii the preceding. In 
this manner a large surface can lie eoiitracled and thorouglily protected. .\il 
collodions, of course, are highly inflammable. 
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C. S. Rand first propost'd to obviat(i this constringent tendency by the 
addition of Venice tiupentine to the collodion.* Canada balsam 
(balsam of fir) has also been suggested and is incorporated with the 
collodion by simply shaking. The presence of oils, glycerol, etc., when 
introduct'd in the proper proportions entindy inhibits the tendency 
of the collodion to contract on drying, and, as its name indicates, 
renders the adhesive fl('xibl(\ Caldwell,^ finding the official product 
too contractile, suggests the following formula: glycerol 2, Venice; 
turpentine 5, lard 10, collodion 83 (.all parts by volume). Klein» 
na-ommends the addition of 10% of balsam of Peru to collodion to 
increase its flexibility.^ 

Iodoform Collodion. Official in the Pharmacopoeias of G.alh, 
and th(' Supplem('nts of Ger., Noth. It is prepan^d by dissolving 1 
part of iodoform in powder in f) (Gall), 14 (Noth.), or 19 (G<'r.) 
parts of elastic collodion. A liquid of light brown, rather than dark 
brown color (Ger.).** 

1. Am. Jour. Pliarm.. 22, IS. To give more flexiijility to the film, Souriaseau 
of Kaiserherg suggested tlie addition of one part of elend to twelve of collo<lioii. 
Aeeordiiig to St.artin of T.ondoii, opaeity ami elasticity may be imparted at tlie 
Kanu' time by adding from lialf a drachm to a drachm of lard, or some similar fatty 
matter, prcGously dissolved in etlicr, to an ounce of collodion. The rpialities of 
softness and rdasiieity may also lie given by combining collodion with castor oil, 
in tlie projiorlion of thirty parts to two, agreeably to the plan of (iuersant, who 
found it useful, thus nuKlilicd, in erysipelas; and the proportion of castor oil may 
In- increased ii thought desiralile. This is the metluxl preferred by the French 
Codex. An elastic, eolloilion, somewlint similar in wliich, besides castor oil, Venice 
turpentine and whit<’ wax are ingredients, has been proposed by E. Lauras, 
(i’haim. Jour., 12, liUJ.) Aeconling t.o Cap and (iarot, the most successful way 
for obtaining an elastic collodion is to mix two parts of glycerol with one hundred 
of collodion. (Ilveerized collodion is exceedingly supiile, does not crack and scale 
olT from tlie skin', and aceommodatcH itself to the motions of the part. In order to 
imittde the color of the skin, an ethereal tincture of turmeric or saffron may b« 
addeii, so as t.o [iroduee the desired tint. Meller has pro|)o.sed a sohitioii of shellac 
in iiigiily rectified alcohol, so a.s to have a gelatinous consistence, as a substitute 
for eolli'idion. C. S. Dis., liMli Ed., 1187. The " eollodiiim elastieum ” of J. 
Lori'iizeii (rhami. Ztg., 11)0.5, 50, 20; abst. Proc. Am. Pharm. As.soc., 1110.5, .53, 
.52:1), e .Iisists of .5 parts turpentine dissolved in ether 10, filtered and added to a 
mixturi' of collodion 1)4 and castor oil 1. 

2. Phann. Era, 181)1), 1)07; Proc. Am. Pliarm. Assoc., 1900, 44.5. 

i' Therap. Monatsh., 1897, 2:18; Proc. Am. Pharm. Assoc., 1898, 002. 

4. Very tenacious colkKlion according to IJottgcr (('hem. (tentr., 1872, 74.5) 
may lie [irepared by adding a small aniounl, of balsam of copaiba to ordinary col- 
loilion Ilals.am lo'lu has been u.si'd for tiic same purpose in pyroxylin lacquers. 
“ Kelly’s (lollodion Paint” con.sists of glycerol 1, comp. tr. benzoin 12, collodion 
SO (parts by volume). V. (iamet (Mat. grasses, 1910, 3, 1870) ha.s given rational 
formulas for a number of photographic and medicinal collodion preparations. 

5. ” Paraform colltKlion,” usi'd in various skin diseases, and in .5% strength 
as a caustic for soft molluscoid nevi, is prepared by mixing paraform (trioxy- 
inethYlcnc) 10, with collodion DO. " rollodium Antiscpticum,” which may be 
used'like ordinary cotton (Jour. Mdd., Dee. 20, 18801 con.sists of powdered mastic 
3 powdered narcotine 1, lialsam Peru 1, and chlorofonn 3,5. Strips of linen or 
silk soaked in this solution form an excellent arlhesivc plaster. “ Cn-osoted 
Collodion ” (I.eitm. Rundschau, 1885. 9, 2) consists of equal volumes of collodion 
and bcechwuod creosote. According to P. Eycr (l).R.P., 225730,1910) homogeneous 
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Salicylated Collodion. In tlio Supplments to Ger. and Noth. Phar¬ 
macopoeias. One part extract Indian hemp (Cannabis Indica), 5 of com¬ 
mon turpentine and 10 parts salicylic acid arc dissolved in S2 parts of 
collodion by shaking, and 2 parts acetic acid (Gcr.) added. Or, extract 
Indian hemp 1, salicylic acid 20, ethereal .spirit (equal part.s alcohol 
and ether) 10, and collodion 60, aie mixed (Neth.). The proj)ri(!tary 
“ Com Cures ” and “ Com Collodions ” are preparations eonstnicted 
on the abov(! prineipki.i These “ patent ” cures an; painOid on the 
; ITeetc^d part, with a cairndhair brush. 

Collodion Stypticum, st 3 'ptic collodion, xylostyptie el,Inn-. Dis¬ 
solve 1 part of tannin in S parts collodion (Grce.), or tannin 4, in 
alcohol 1, tlnm ether 4 in collodion 11 (N(4h. Su))pl.); or, tannin 20 
gm. with .a cc. alcohol, add('d to 25 cc. etlw^r and sudicient collodion, 
which when shaken will mak(! L'K) cc. (C. S.) 

This pre])aration was originally suggested by R. Richardson, who 
added a .small (piantity of tincture of Ixiiiiioin.^ Tlie on<' rcconiiiiendcd 
by Pavi’'* is sonniwh.at similar but stronger. Styptic collodion was 
introduced as an astringent and Inmiostatic agent, but (UN])erfenco 
has proven it to 1 k) of but little value, diut to the moisture ju’csent 
in the blood which jmivents the collodion fl'om adhering. Styptic 
collodion can be rendered llexiblc! by the addition of castor oil. 

Method of Preparing Collodion by U. S. Pharmacopoeia Vlll. 
'fhe method is as follows: 

T’yroxylin. 40 Km. 

Ether" TaO cc. 

Alculiiil*. . 2.')0 cc. 

T(i iii.akc alxnri.' l,(KJ(Jcc. 

(liiit.mcntR coiitaiiiiiiK collodion and snilahlc medicaments arc obtained liy apitatin}; 
the collodion solution in whicli tlu' medicament is dissolved, with a suitable fat 
or mineral grease, until a product, of the desired eonsisteucy is obtained. 'The 
alcohol-ether slioulil consist of about Sl)% alcohol and 20^Xi ether. For example, 28 
pm. nitrocellulose and 140 pm. .salicylic acid are dissolved in 1000 pm. etlier- 
alcohol, and 4tKI pm. vaseline incor|)oratcd with the solution. 

1. “ Wizartl (lorn Cure " C(Hisists of fluid extract, Indian hemp, 1 dram; sjilicylic 
•acid, 4 drams; and collodion (i oz. (all by volume). The composition of “ Keiinisly’s 
liiinion Cure'' is staled as chrysarobiti 3; cocaine hyilroclilorate 1; chloroform 
.30; and collodion .30 (all parts by weipht). “ Ivaposi’s Wart Collodion " eombinea 
.mercuric chloriilc 1, di.s.solved in flexible collodion 30, being applied once each day 
to the wart arouiul its ba.se. 

2. Phami. Jour., I8fi7, p. 29. 

3. Couaists of tannin, 100 pr., Irenzoic acid, 60 gr., phenol cry.stals, 2(H) pr., and 
collodion, 8 fl.oz. According to Am. Jour. Phar., 1882, 54, 42.'), collodion, 100; 
phenol, 10; tannin, 6; and benzoic acid, 5 (all parts by weight) instantly coagulates 
blood, forming a consistent clot under which wounds readily heal. 

4. Morrison (Prrrc. Am. Phar. Assoc., 1894, 281), S. Taylor (Phami. .four., 
1906, 23, 669), (i. Bcringer (Proc. Am. Phami. Assoc., lOfHi, 54, .lOI), and the 
Illinois Phami. Review CommitU'c (Phami. Era, 1897, 18, 4) advocate tlic replace¬ 
ment of the ether and alcohol by acetone, Beriiiger submitting several appropriate 
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To the pyroxylin, contained in a suitable bottle, add the ether, 
and allow it to stand for fifteen minutes; then add the alcohol, and 
shake the bottle until the pyroxylin is dissolved. Cork the bottle 
well, and set it aside until the liquid has become clear. Finally, 
decant * the clear portion from any sediment which may have deposited,^ 
and transfer it to bottles, which should be well corked and scaled.® 
Keep the collodion in a cool place, remote from lights or fire.^ 
Official Method of Pyroxylin Manufacture.’’ Formerly the 
U.S. Pharmacojxnia directed that the pyro.xylin should b(! prfipared 
at the time of making the collodion, giving directions for the purpose, 

formulas. The author is convinced that notwithstanding the almost universal 
use of cthcr-alcohol as the official solvent, acetione or a comhiimlion of acetone 
with a non-HoIvent as honzol, wdth or without the addition of ethyl acetate' is a 
much iriore efficient combination than cther-.alct)hot. fn.asmuch as the solvenit 
portion is without mmedial value, it may be regarded simply as a vehicle, t'om- 
paretl with ether, acetone, is a Iwtter solvent of a wider r.ange of cellulose uitrate.s; 
boils about 20? higher; is less hygroscopic; many t.inies cheajx'r; much le,s.s iidlam- 
inabli-; d<*-.s not form a eombtistiblc; mixture with air; vapor is lighter than air; 
is less irritant to an abraded surface’, and is tfie e(]ual in solvent power for alka¬ 
loids, glucoside.s, and medicaments which might be introduced. Ketizol compared 
with alcohol is many timas cheaper; evaporates more slowly, and is less hygroscopic. 
The atithor would suggc.st tis an improvement on the I’liarmacopccal etlier alcohol 
fonnulas, a mixtttre of acetone 110, methyl alcohol 20, ethyl acetate Ifl, and benzol 
ft(l'/e, Iff) (all parts by volume). It ia a significiint fact that the proprietary col¬ 
lodions sold under various names contain no ether, or just sullicicttt to impart 
an ether odor, but are composed of solvents of higher boiling points, slower and 
more regular I’vaporative tendency and which are much less hygroseoi’ic. 

1. Kranzfeld (I’hann. Ztachr. f. llussl., bSSO, 302) obtains pr’rl'ectly transparent 
collixiion by agitating with sand and filtering. The recommendation'of 10. loirerle 
(Ai)otheeary, ]to.ston, 100,5, 17, 051) t.hal the pharmaeopcBid method be reversed 
so that the alcohol is added first, the et.hcr being added after the alcohol has 
thoroughly saturated the [ryroxylin is, us is (piite familiar to those having wide 
commercial experience along thesi- lines, eontmry to gi>od practice. In a com¬ 
bination of soIv(!tii.s and Tion-soIveni.a of the eelluiose nitrates, those fluid.s of high 
dissolving iwwer are alwiiys arlded finst, in onier f.o obviate the, wcaknos,s wliicli 
the solvent develops when attemiat,ed with a noa-ilissolving licpiicl. 

2. In U.S.l’h. 1H7(), the sediment was directed to he ineor]iorated again with tlie 
collodion with the result that a toiigher film was proihuTd from the fact, that the 
sediment is primarily composed of undeeomposed cotton filaments and the.se 
Ix-come felted when the colhxlion evaporates to drymess and thus i«-l,a as a hinder. 
In those collodioms where the. addition of acetone dissolves the ether-alcoliol iinsol- 
ublc fmrtion, the rc.sidue is due, not to unchanged cotton, but often to highly 
nitrated eolls)n (gimeotU)n). 

3. II. Wiol>elitz (Pharm. Ztg., ItlfKl, 51, 1003) ia suggesting tliat ttie Pharma- 

eopceia require that the film of colhxlion left after the (a a|xiration of the solvent 
Ih’ chair and transparent and not opaque (indicating freislorn from water) forgets 
that the opacity in the fdm usually comes not fi'om water eontaiaed in the collodion, 
hut from moisture precipitated from tlie atmosphere, caiasod l>y inducing the fonaa- 
tion of the dew-poial in the immediate vicinity of the film by rodnetion of tempera¬ 
ture from the rapid evaporation of the ether. This can ho readily proven by intro¬ 
ducing into tile collodion a small amount of a high-boiling pyroxylin solvent, i.e., 
amyl ticetato. when a transparent resplendent film will result. ’ 

4. A more rapid mcthoii of preparation (M. t'lievreau, .four, dc Pharm., .fane, 
1887) is to first pour the ether on the [lyrnxylin, while agitating tlie mass, tlie 
alcohol being added as .soon lus absorption i.s completed. 

5. Sec Senft, Pharm. Post, 18IH), t)t)7; abst. Proc. Am. Pharm. Assoc., 1000, 
788. 
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but at tho revision o[ 1870 tbe process of the British Pharmacopcsia 
was sul)stantia!!y adoi)t<Hl, a formula for tlio maiuifactiin' of pyroxylin 
being separately given in the Pharmacopaua. Tho LS90 U.S.Ph 
process is as follows: Purified cotton, 100 gin. (or 3 oz. av., 231 gr.); 
nitric acid, 1,400 cc. (or 47 fl.oz., 103 minims); sulphuric, acid, 2,200 
cc. (or 74 ILoz., 1S7 minims); alcohol, ether, water, each, « nvjfuicnt 
quanlity. Mix tho acids gradually in a glass or porcelain vessel, and, 
when the temperature of tho mixture has fallen to 32° C. (90° F.), 
add the jnirified cotton. By means of a glass rod imbue it thoroughly 
with the acids, and allow it to macerate, until a sample of it, taken 
out, thoroughly w'ashed with a large quantity of water, and subse¬ 
quently with alcohol, and ])resse(I, is found to be soluble in a mixture 
of one volume of alcohol and ihrer volitriien of ether. Then remove 
the cotton from the acids, transfei it to a larger vessel, and wash it, 
first, with cold wafer, until the washings cease to have an acid taste, 
and then with boiling water, until they cease, to redden blue litmus 
paper. Finally, drain the pyroxylin on filtering ]>aper, and dry it 
in small, detached pellets, by means of a water-bath or steam-bath, 
at a temper,ature not exceeding 00° C. (110” K.). Keeii the pyroxylin, 
loosely packed, in well-closed vessels containing not more than about 
25 gm., in a cool and dry place, remote from lights or fire. 

The process recognized by the British Pharm.acoiiceia is as follows; 
Cotton, 1. 07, (Imperial) or 10 gm.; sul])huric acid, 5 11.oz. (Imp. meas.) 
or 50 ce.; nitric acid, 5 II.oz. (Imii. iw'as.) or ,50 cc.; distilled water, 
a svffieicnt qvmilily. Mix the acids in a |)orcelain mortar, immerse the 
cotton in the mixture, ,and after it is thoroughly wetted by the .acids 
stir for thri'e minutes with a glass rod; wash the product with dis¬ 
tilled waiter until free from acid; drain on filtering paper, and dry the 
pyro.Nvlin on a water-bath.' ('. .Tene^ who has deteniiined the 
nitrogen content of the pyrox\lin prejiared according to the (ieruiau 
Pharm.acopeeia, finds the average to be 11.0%. 


1. T. Tyrer (Choni. and Drug., .\ug,, 1,S%, p. 207; Pliarm. .lour., Aug., IROfi, 
p. too) rccoinTneiuis the following process for jniro(iuction into tin* Ptiarinacopoeiu: 
(iotlnn wool, 200 gr.; Bulphuric acid (LSt.’i), .S fl.oz.; nitric acid (l.-l.^O), “1 fl.oz.; 
water, 1) fi.oz. TIic temperature of the mixed aciils .should he ](i2° F.; thou on 
mlding the w'at.er. the tempemture .should hi' allowed to cool to l.'tO® F.; the cotton 
is immersed for two minutes twenty seconds. Transfer to a porcelain strainer, 
press thoroughly and ijuickly with a pestle, and throw into not less than :i gals, 
of (li.stilled water; stir, drain, and press, which process is to lie repeated until the 
cotton is free from acidity, and the wash-water free from sulph.aies. Wring out 
as dry as pos.sible, pick, and dry at a temperature of!)()“ F. Hienert states (Pharni. 
Ztg. Russh, !)4, f)7n) that when suljiliuric acid of B]).gr. 1.S3 is heing used, the nitric 
acid should not be higher than 1.30 to 1.38. See also Flint (I’roc. Am. Pharm. 
Assoc., 94, 003). 

2. Chem. Zeit., 1904, 28, 61. See report, on Uollodion by inspectors of pliar- 
macies, Lourain, Ann. de Pharm. 1907, 13, 331. 
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National Formulary Collodions. In the unofficial formulary 
published by the American Pharmaceutical Association are recognized 
the following four preparations, all prepared from flexible collodion; 
They are, Iodized Collodion;' iodine in powder, 5; collodion % (parts). 
Shake the iodine in a bottle with the collodion until dissolved. Iodo¬ 
form Collodion: iodoform .'5, collodion 95 (parts). Croton Oil Collo¬ 
dion: mix croton oil 10, with collodion 90. Compound Salicylated 
Collodion: 2 alcohol 10, salicylic acid 11, extract of Indian hemp, 2; 
flexible collodion a sufficient quantity to make 100 (parts) 

Proprietary Collodions. A large numlx-'r of private collodions 
or “ liquid court plasters,” are offered for sale on the market, com- 
paraliviJy few of which follow the various formulas of th(! Phar- 
macopanas. This is mainly due to the fact that apparently more satis¬ 
factory preparations are to be obtained in which the solvent portion 
is less co.stly, and which, containing no ether, the inflammability and 
and speed of (ivaporation i.s diminished, and the pain on applying 
to a raw surface materiully hissened. These preparations may be 
roughly divided into the following two classes: (1) those in which the 
elhei' has been substantially if not entirely rtiplaced by the loss expen¬ 
sive and equally efficient conmuircial wood alcohol, acetone, or a 
mixture of both. Trade products such as “ Heal All,” “ Seal All,” 

1. Sec r. f'aldwoll, DruK Circ., l!)l)7. .51, 204, 

2. A Himiiar proprirlary article is kiiuwii as “ (Inzcw’s Com Collodion.” 

3. The Indian lionip is dissolved in the alcohol, and the salicylic acid in about 
50 narls of colltKiion previously weiglied into a taitnl bottle. The former solution 
is then adiied to the latter, and finally sufficient collodion to make the product 
weigh 100 parts. 

.4 A ” Fluid Helladonna Plaster” may be made by taking a quantity of the 
alcoholic extract of liolladonna equivalent to 37 gr. total alkaloids, camphor 108 
gr., pyroxylin 185 gr., alcohol and ether e(|ual parts of each t<i make 10 fl.oz. 
” Moleshott's Iodized (-ollodion ” Is imule by dissolving iodoform in fine powder, 
1, in flexible collodion 15. U.sed for gout. A ” ('aiming Collodion ” for neuralgia 
or tender abraded surfaces (.4. S. Cubb, Lon. Med. Rec., 1887) may be prepared 
from powdered mastic 3, powdered narcotine 1, balsam Peru 1, chloroform 0 (all 
by weight). ” Anarthritic CollcKlion ” for gout (Mouin, L’Union mW., 1887) 
conqirwes flexile collodion and ether, of each 15, salicylic acid 4, morphine hydro- 
chloratc 1 (all parts by weight). The principal other unofficial collodions are 
included in the following, references being to Am. Jour. Pharm.; Aconital, Shinn, 
1848, 30, 217; cantharidal, Ilisch, 21, 295; 22, 19; Oeltingcr, 22, 229; Proctor, 
JIO, 304; 39, 531; Rand, 22, 18; Thompson, 42, 11; Tichlwmc, 34, 320; Canthari- 
(iated,Tichbornc, 43, 240; Caustic, Macke, 30, 127; Conial, Shinn, 30, 217; Klastic, 
Lauras, 25, 185; Musgiller, 42, 146; Rand, 21, 209; Ferruginous, Aran, 26, 81; 
lodinal, iodosulphiiral, Shinn, 30, 217; Paper, Thompson, 42, 116; Sinapic, Tich- 
bome, 34, 323. Caustic or Corrosive ColUxlion consists of mercuric chloride 2, col¬ 
lodion flexile 15. CollcKlion Duplex is made by di.saolving guncotton 1, in ether 12, 
and alcohol 2. Collodion Antephclidicum, used as a remedy for tans and freckles, 
contains zinc 8u!phocar!x)laU* 1, collwlion 45, alcohol 5, oil of lemon 1 (Proc. Am. 
Pharm. Assoc vol. 23). (lelatinous Collodion is pyroxylin 1, in “ spirit of ether ” 2. 
Collodiiim Pubrum is elastic collodion tinged red with alkanna. Collodium 
Lentencens is collodion 100, glycerol 1.5. According to Aufreclit (Pharm. Ztg., 
1910, 55, 598) “frigUBUi ” was found to consist of about 23% iodized uric acid in a 
collodion base. 
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“ Ht'iil Skill,” ” Seal Skin,” “ CnUikut,” luid “ Fluid Skin” arc appar¬ 
ently constructed on this iirincijilc. (2) J'lntire departure from Phar- 
macopuial practice, the collodion behif; a lif^ht-weif'ht pyroxylin lacquer 
or heavy bronziiif; fluid, one analyzed by the author containing pyroxylin 
5 oz., castor oil I oz., amyl acetate 2.') oz., commercial wood alcohol 
45 oz., acetone 10 oz., benzmie 5S oz., all per gal. Benzene (com¬ 
mercial b('nzol) is always a conspicuous ingredient. “ New Skin,” 
” Liipiid Skin” and ‘‘ Ih'a!-m-all ” are preparations of this general 
nature. They have d.'cided advantages over the Pharmacopreal 
formulas in that the high and low boiling-point solvents are so adjusted 
as 1,0 cause no whitening and weakening of the film from moisture 
absorption iluiing evaporalion; they are. much less (^xp('nsive, arc 
usually cl.Miilied by jiaijcr filtration; and arc not as readily detached 
from the skin by means of [)erspiration or other moisture. In the 
author's judgment tlu'y are, in the nuiin, superioi to the Pharmacopdad 
l)n‘paration.t To render collodions less visible when ajiplied to th(! 
skin, a small amount of alkannet, saffron, erythrosino or carmine 
is useful when addeal f.o tlui colloiron. It is said t.hat the adclit.ion 
of 0.1','i alloxan or allantoin fo llexdi^ collodion will not affecfi fhe 
shade of th(i hif ter, but w'hen ]»laced on the skin will graduidly assume 
a dedicate natui'al ])ink tint. 

Uses. TIk' collodions make excellent vediicles for the topical appllca- 
fion of any medicamenf soluble in alcohol and etlnn', such as f,h<‘ 
alkahtids, glucosidi's, resorcin, iodoform, mercuric chloride and iodides, 
iiristol, iodol and other antis('|)tics and fungicide's. The'v are' be'st 
eiispenseal in small reaend-sheadele're'el vieds preivieleiel with ei ceei'k thremgh 
whie'h a snudl camedhair brush has beien se'e'uredy faste'iieal; this 
aveiids hiss eif nniteried anel hardeming eif the e'olleKliein iqiem t.he: brush. 
Meirei reie'emt.ly the' I'olhielieins have' beien di.speinsi'el in collajisilih'. tube's 
—a gri'iit improve'ine'nt eiver a liottle' anel brush, eis]ieH'ially freim an 
ase'ptic point of vie'w. (leilleidion is use'el emly whe'ii it is ele'sire'd to 
e'eintrae't a surfae'C eir e'ein.stringe the e'dgeis of a wound; othe'rwise 
the fh'xibhi or nie'die-eiteiel e'edloelieins are pre'feredih'. leielizeel colleidion 
is !i faveiritei eijjplii'eition fei ediilblains. Canthaiieiid cedlodion is use'ful 
as a veisie'ant insteael eif canthaideleis, liedng efficie'iit in se'vere neuralgia 
anel eithe'r painfed affeie-tions. lodeifeiirn eieilleidion is use-d exte'nndly 

1. ,1. Francis (Bull. Pfiarni., lUO.'i, 19, tfiO) in commcntirip: on the popularity 
(if proprietary collodion,s, slates that celluloid and acelione arc eased to replac,e the 
ofiic'i.al suhstanecs. This ts at variance with the author's experience in analyzing 
all the proprietary articles me'Utieine'd aliove. Transparent celluloiel is a very 
viscous sulistanee in solution, 4% (the I’liarniacopoeal standard) forming a soluliem 
so heavy as to he practically unlirushahle when eeeelonc i.s tlie solvent. I'yroxylin 
in solution and containing tui camphor is. corre'ctly speaking, not. ce.lluloiel. Canqilior 
is a distinct irritant wlicn aiiplieil to an alii'aded surface. 
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for rluminutisin, orchitis, and other iiifiamniatory conditions, especially 
of a veiHoxnd chai'actcr. Painted ov(!r boils, it has been stated to be 
highly efficient in promoting tlu'ir absorption. The application of 
llexik( collodion is said to ])revent pitting in sniallpo.v.' 

There are many vocations to th(i memlxn’s of which it is of great 
troul)le and annoyance' that traces of their profession appeear upon 
tlnar bands. This is (especially true in photography on account of 
working with silver solutions. Py ])ainting the finger’s with collodion, 
and I’enioving th(‘ sanae with a little wood alcohol oi' acid at the close 
of work, the fingers may be kept unstained, ('ollodion is useal analyt¬ 
ically to distinguish b(rtwe(m jrhenol and creosote, forming a pnecipitate 
with fine former and being unaffected by the latter.- 

..•Analytical. 'riie following tr'sts ^ are sufficiently accurate to 
enable judgment as to ]mi'ity and strength of Pharmacopreal collo¬ 
dions to be made. 

(1) .1 (■/(/(///.■• 0.01 gm. azolif niin is dissolved in 200 cc. distilh'd water 
and rendered neutral (rose-purjile lint). 2.") cc. collodion is precip¬ 
itated by the gradual addition of 100 cc. azolitmin solution above, 
adding the water slowly and shaking vigorously after each addition. 
'I’he precipitaiicd iiyro.xylin is filtered off, and 50 cc. of filtrate placed 
in a .Nessler tube with a control tube of 50 cc. of the litmus solution 
not used. Py canful addition of lenth-nornial alkali to tube Xo. 

I, until the coloi IS the .same as the control, the amount of acid prt'senl 
can be accurately determined wh('n as low as 0.0002%. Or, 50 cc. 
collodion is placed in a 0 in. eviijiorating dish, 200 cc. water added, 
and the collodion and water vigorously beati'ii with an ordinary egg 
beater for ten minutes. .\n ali((U()t. iiortion of the filteied li(|uid is 
then titrated with standard alkali, azolitmin or phenolphthalein being 
UM'd as indicator. 

(2) Tiildl Siiliiln. .As has bi'en ]ireviously pointi'd out, estim.ation 
of solids bv evajKiratioii to dryness usually gives results too high, due 
t.i difficulty in elimination of last traces of solvent. A Ix'tter nu'thod 
is to precipitratr' with distilled water, as in the first test above, filter 
from the fapiid in a (looch crucible, wash with water until the precip¬ 
itate is fi’ce from odor of solvent, di'y at ]()()° to constant weight. If oils 

1. T) Satnways (tti'ir. Med. .lour, Noc. ‘21, LSiKl) treats external piles with col- 
liidieii. Ninm'(jinir. (Ic Mcil ile Paris, Sep. 1'2, l.S!>7) dresses contu-sions by the 
ap|>lic,ali(in of iMcntlail Ciilledion (nicnthdl (1 gm., collodicm 2o cc.). 

2. Acciirding t(i Sicker (IMiann: Uev., ISIIP, :i77) colhxlion does not famish an 
efiieieiit test for the pi’cseiice of carbolic acid in creosote, for collodion substitute 
see Thiliaull (Hull, de Pharm. der Sud.-Est., ISP'.I, (i.tli; .tpoth. Ztg., ItlOO, 04; 
Proc. .Am. Phann. Assoc., I'.iOO, 41.7). 

:i. T.iken entirely Iroin llie author’s experience. 

4. ,See P. Ruder, Pharm. Ztg., 1000, 51, 277. 



826 


NITROCELLULOSE INDUSTRY 


or medicaments arc suspected, the dried precipitate may be Soxhlet 
extracted with ligroin or chloroform and re weighed, the final weight 
giving the anount of pyroxylin originally present. Castor oil is readily 
separated by precipitating the pyroxylin with chloroform, washing 
the precipitate with chloroform until the filtrate leaves no "esidue, 
the chloroformic filtrate being evaporated to dryness and weighed, 
the weight Ix'ing castor oil. 

(3) Total Solids not Cellulose Nitate. An approximate inetluxl 
consists in evaporating a weighed amount of collodion to dryness 
with about tesn times its weight of saiul, and subtraiding from lln^ 
total solids found, the pyroxylin found liy a method described above. 

(4) Liquid Portion. On the assumption that it consists of alcohol 
and ether only, l.lui c.ollodion is Ireatixl wdth five limes its vohiine 
of a high-boiling hydrocarbon (kc'i'osime or xylemO the precipitated 
jiyroxylin removc-d by filtration, and the ether and alcohol distilled off 
in an ordinary fractionation flask on the water bath, the jietroleum 
hydrocarbons or xylene remaining behind in th(! fractionation tla.sk. 
The amount of alcohol jmwent may be detennini'd by well-known 
methods, the diffenmer! between this itisult and the total volume of 
distiillate Ix'ing the (ither. Or, the ether is tht^ total weight minus 
the sum of the .alcohol and jn'roxylin. Alkaloids, etc., present are 
determiiK'd from the chloroformic rcisidue in (2) above. 



CHAPTER XVII 


THE CELLULOSE NITRATES IN PHOTOGRAPHY, EMULSIONS. FILMS 
AND PROCESSES 

This chapter comprises the present day ramifications of the cel¬ 
lulose nitrates in the various photographic arts, including monochrome 
and color photography. Collodion is by no means an obsolete proc¬ 
ess, the bad repute under which it labored ten to twenty )'ears ago— 
commencing at tlie time of its being suiiplantcd by the gelatin proc¬ 
esses of the early eighties—is being gradually overtatme, as workers 
realize the possibilities of the jrrocesses when stric.t cleanliness and 
attention to Uetail art! observed, so essential to success in collodion 
manipulation.* At the |)resent time collodion is largely used in 
photo-engraving, photo-lithograph}', photo-zincography, enlarged neg¬ 
atives and (!arboii enlargements, lantern slides, transparencies, ferro¬ 
types ami pi'oeess lilocks. The dry plate, and specifically the ortho- 
chromatic dry plate which has attained such a high degree of e.vcellcnce, 
still remains as (h(! best and most satisfactory method foi' outdoor 
work, for. landscape, portrait and interior indirect tricolor leproduc- 
tion on account of its reliability and pliiibilily as a process, and the 
extreme fidelity of delineation. Collodion emulsion is especially 
useful in direct thiee-color half-tone work, the reproduction of paint¬ 
ings in monochrome, and for line work in black and white subjects. 
The collodion proce.sses arc considered by many as exceedingly dif- 
fic'ilt if satisfactoiy results ai’e to bo olrtained. This is an error in 
that the processes are n(.)t difficult, but simply I'cquire careful attention 
to seemingly unimportant details, in order to insure uniform and 
satisfactoiy results. The increasing interest in collodion photographic 
jirocesses due to its recent “ re-introduction ” by certain firms of 
commendable energy, and the marvelous development of the “ moving 

1. In the descriptions of methods and processes of the photographic application 
of collodion to follow, it m.ay appear that seemingly trivial matters arc unneces¬ 
sarily dealt with in the footnotes, but it should be reniemlwrcd that success or 
failure in colkxiion photography depends often upon trivial and inexplicable points. 
The instructions for the preparation of continuous tone and film negatives, etc., arc 
intended to lie fairly complete us representing the latest methods, and are not inter¬ 
changeable, an important point. 
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picture ” industry, hsis contributed in no small measure to commer¬ 
cial activity in this cellulose nitrate field. 

Historical. Although it is generally conceded that Gustav Ic Gray * 
of Paris, was the first to suggest tlie use of collodion in photogi'iiphy, it 
remained for F. S. Archer^ to make a practical success of the idea, 
“ Archer’s Collodion Process ” or the “ .Vreherotype ” process being pub¬ 
lished in 1851.'* After B. Pont ■* and \. Rollason ■'> had secured pi'otec- 
tion for coating plates with a collodion enmlsion, Arclierfiled his 
patent. Later in the same year J. Clive ’’ and J. and 1>. Day ** j'ccc'ivcd 
only provisional jn-otection on their composite jihotograjjhic piocesses. 
The next year J. Johnston® patented tin' first collodion ferrotype 
method; 0. Langlois'® constructed a " collodion ’’ camera; J.Cheefhani ” 
described the use of collodion in photo-mechanical printing; H. Norris 
transferred collodion prints from glass t,o fabrics, while \V. Newton 
communicated collodion printing methods and T. do Beauregard" 
developed a chromo-gelatin process as.sisted iiy collodioni/ied negatives. 

.\rcher’,s process speedily attracted considerabli' attention as being 
far superior to the daguerreotype and albumen i)rocesses which it was 
destined so soon to supersede. In iS.M Millet first matle collodion 
positive pictures on enamel, which were e.xhibited before the Erench 
.Veademy of S(nema's.'® Two years later apiieared the woi'k of Norris 
on the influence of the (piality of pyroxylin used on the porosity and 
sensitiveness of the collodion diy ]date."’’ It was not until IStil " 

1. Not IjCgniy. He first used “a solution of collodum wool.” In Ids [lumplilel, 
which api>earc‘d in June, ISoO, onlillod “Truite jkratiijue de photoKraplde sur papier 
et sur verre, I’aris,” he .states on p. -1‘J, “ I diseovereil a treatment of eollotlicm oo 
glass with hydrochloric acid, methyl etlier, potaKsiuin and sotliuin fluondt‘s dift- 
solved in alcohol 40%, made sensitive with acetate of tiilrie silver and ohtaiiubl 
pictures in 20 secorals in the shade.” 1;(‘ dray’s formula is ])ractically impfjssihle, 
because the fluorides prottucc no pli(»tographic imane, and hydrofluoric acid vsas 
at that time but little known. 

2. Archer and Ledray strunnled for several years for priority over the discov<*rv 
of the collfKlioii treatment, and Archer’s eontentions (SmdlinK’s Photoii;. Jour. 1S')7, 
p. 25G; Kreutzer, Jahrb. f. Phot.. l-S.*)?, f>. oOO) in wdiich I'aniiie .\rclier (his wife) 
lent support ([Jvcr|)ool and Marudiestcr Photon. Jour., 1.S.37, p. 121: Revue i’hotoK-, 
1857, 2, 207; Kreutzer, Jahrl>. f. Photoy;., 1857, p. 50(>) are generally accepted. 

3. “The dliemist,” New Series, Vol. 2, No. 10, p. 257, Mar., 1851. 

4. E.P. 309. 1855. 5. E.P. 770. 1855. 0. K.P. PH4. 18.55. 

7. E.P. 2139, 1855. 8. E.P. 2808, 1855. 9. IC.P. 2072, 1850. 

10. E.l’. 2254, 1850. 11. E.P. 2871, IS50. 

12 E.P. 2029, 1850. Sec L. AnKamarre, E.P. 1159, 18.50. 

13. E.P. 624, 1857. 14. E.I’. 3000, 1858. 

15. “ Cosmos,” Mar., 18,54; Dinp. Poly., 1854,131. 107; 1S.5H, 147, 157. SeeBinf?- 
ham, Horn’s Phot. Jour., 1854, 1, 43; C.R., 3(1, May; DiriK. I*oly., 1852, 125, 28. 

16. He first called attention to the increased senHitivenes.s of plates prepared witli 
a combination of colhxlion and gelatin. 

17. Although the collmtion paper process was proposed iiy dainlin, d. W. Simp¬ 
son made the first, detailed experiments with it., and rearl before the London Phot. 
Soc., Mar. 14, 1805, a description of his process. He took 30 grn. wood alcohol 
and 1 gm. silver nitrate, and dissolved tliis in the cono<lioii of 3%, jiyroxylin st.rength. 
Then a 3.5% solution calcium chloride in alcohol was prepared and this added in 
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that tJaudin published his results on collodion emulsion, which, how¬ 
ever, was not made practicable until ISUf), in which year Saycc and 
Holton described the usefulness of silver bromide, and established 
the collodio-brotnidt! emulsion as an important branch of photographic 
work. W. Clark,* R. Rrooman,^ 11. Di.xon,'* T. llooman and J. 
Malis/.ewski,-' ,1. LaFarge,® M. Risler,*' .\. Rollason,^ A. Worthley,* 
L. Crozat,** K. and L. Ko.ssuth,'® and E. Pettit** made minor improve¬ 
ments. Provisional protection was.granted in England to L). Reed,'^ 
.\. Mariot\ *•'* and F. (irune,*'* the first two for sensitized films and the 
latter for photograidiing on ivoi’y with collodion. 

Ry “collodion ” i.s to be undc'rstood in this connection an ether- 
alcohol solution of a cellulose nitrate. It soon became evident that 
llui cellulose iiitrat(^ e.\erted great inlluence on thi! working oualities 
c}f the collodion prepmed therefrom. This led Edi'r (whose work 
is mentioned in Chapter 11) Pelouz<' and Maurey,*'’ iSchneider and 
Rettenbachcr,*'’Abel,*^ Livonius,'** Sotibeiron and othei's'-'" to e\per- 
iincjit as to the most fea.sible methods of pi'cpai’ing the iiyroxylin, 
preserve its neutrality and incrc'ase the stability. This contributed 
incidentally to e.vpan.sion of the entire c('llulose nitrate field from 
combined investigation of solvents and methods of pyro.vylin manu¬ 
facture. 

Collodion Emulsion. Pertain inconveuienc(‘s having arisen in 
attempting to adapt the collodion lilm in its wet stat(! to various 
branches, k'dto many iittempts in theearlic'r days of collodion photog¬ 
raphy to prei)ai'(' the film for u.se in the, diy state, The e.vcc'ss of 
silver nitrate unactial upon was rmnoved from the surface by washing, 
but as this greatly impaired the .sensitiveness of the plate, it was found 
m'cessaiy to coat the film surfac(! with some material which would 
partially restore the sensitiveness—the so-called “ preservatives,” 

10 % armnmt, to tlio silver nitrate solution, ttniK iirceipitatinp; silver chloride, wliich 
foriir 'l the Ku.sircniicd emulsion. 

1. E.l’. :i024, IS(il). 2. E.l’. tl.4.'), ISiil. ti. lvl>. 1074, ISCil. 

4. E.l’. lOS'l, ISiil. ,4. E.l’. 2.')i)S, 1,S(12. li. l’,.l’. 2'.l.')4, iSOH. 

7. E.l’. 214;i, IStil. <S. E.l’. 2417, hSlil. 9. E.P. 2!l.'i:i, lS(i4. 

10 . E.P. tin, ISO,'). 11. E.P. 72. ISOo. 

12. E.P. 4542, 1S07; .1. Lemarv, E.P. .5224, 1S79. 14. E.P. 1200, ISOS. 

11. E.P. 2022, 1S09; (4. W. Mrt'aw, E.P. 911, 1S70. 

1.5, C.R., 1S04, oil, 404; Uhem. (Vntralh., 1S05, 4.57. 

10. Jahrsh. t'hem., ISOt, 79S; Ding. Poly , ISOt, 174, 209. 

17. Phil. Mag., 1S06, (4), 32. 1.S.5; .1. pr. (diem, 1S07 (1), 101, ISS; licr., 1S07, 
11, 1949; .Tahrsb. rein. Chem., 1K70, 1.50. 

18. N. J. I’hann., Ill, 122 For replacement of collodion in photography hy nitro- 
saccharose, sec .1. Bonneville, E.P. S14, ISHl. 

19. Jour Pimrm., ISIS, 204; Ding. Polv., ISIS, 110, 115. 

20. See WeingarUshofer, Krcntzcr'.s Jahrsh. Phot., ls.57, 240; Sourisscau, Ilornts 
Phot. Jour., 1S.54, 1, 94; Beloc, Ibid., 18,50, 7, 12; Bechamp, Ileinlcin's Photo- 
graphicon, 1809, p. 0; t'.R., 1S52, No. 14; Ding. Poly., 1S,52, 120, 114; Ulaudet, 
Horn’s Phot Jour., 1855, 3, 00; 1855, 4, 0; 1855, 4, 01. 
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as they preserve the sensitive surface from direct atmospheric con¬ 
tact, very similar to a lacquer or varnish. This coatina; al.so main 
tains the collodion in a sufficiently permeable conditiou, so that i^ 
responds to developers and the \'arious baths to which it. is subjcctoii 
in the processes subsequent to exjtosure. These so-calkal pl•eservativo^ 
were tea, coffee, beer and other f;;allic and tannic acid-containinc 
products, and it appear.s that aside from simple protection, the tannin 
exerted another function, that of impaitiiiK an orjranic element to 
the sensitive film, forminf;; an “ ori!;anic sensitizer ” whose sensitive 
action is apparently to form an orfranic .silver comihuation, incr('as- 
ing the sensitiveness of the plate, which in consequence aids in increas¬ 
ing density. The word “emulsion” is, strictly speaking, incorrect, 
there being no oily or fatty matter in permanent suspejision, a jjhoto- 
graphic emulsion in reality being an extri'inely (Inely divided jirc- 
cipitate of silver halide (chloritle, bromide, iodide, but never iluoride) 
held in temiairary suspt'iision in the collodion medium, but being in 
so minute a state of subdivision as to cause the film to appear struc¬ 
tureless and entii'cly honiogcmeous to the unaided eye. Th('re is 
therefore this clear-cut distinction bet ween “ w('t collodion ” and 
“ collodion emulsion,” for whereas in the former the silver halide is 
precipitated on the surface of the collodion only, in tlu; latter the 
silver precipitate is disseminated uniformly throughout the entire 
collodion mass. A collodion emulsion in its plain state (i.c., with¬ 
out the presence of dyestuffs) is seldom as sinisitive as wet collodion, 
and never as sensitive as gelatin dry plates, but where e\ti-enie 
sensitiveness is not i'e(pnred, there are ot.hcr (jualities pre'sent whicii 
give to collodion emulsion advantages pos.scssed neither by gelatin oi' 
wet collodion. 

Methods for the prepaj ation of nitrocellulose ^ arc given in ('liapter 
III, and collodion therefrom in Chapter XV, the latter being but a 
pyroxylin lacquer with ether-alcohol as the monstruui i. Collo¬ 
dion emulsion may be prepared “ unwashed ” oi “ wiished,” depend¬ 
ing on whether the nitrate 2 formed as the result of the interaction 

1. A great deal liaa l)een written as to the physical state of the pyroxylin most 
suitable for photographic work, a,s regards porosity, purity, etc. It is concedf i, 
however, that best results arc ohlainod by purifying the pyroxylin l)y ])rccipi- 
tating a solution in water asiicscrit)ed in Cbapt,er X\T, In oilier methods, tlic pyrox¬ 
ylin is purified l>y pouring a collodion .solution in a fine stream on the surface of 
water, and drying. Ry “plain collfKlion” is to lie understood the I’harmacopciil 
collodion. For theoretical diseus.sion of pliotograiihie emulsions, see W. liancroft, 
J. Phys. Chem., 1010, 14, 12, 1)7, 201. 

2. While ammonium and zinc bromides ami silver nitrate are readily .soluble 
in ethyl alcohol aAd less so in acetone, potassium bromide is insoluble i»i alcohol 
and acetone, and for this reason is inap]>lieahle for colUslion emulsion in silver 
bromide formation. Chlorides have also another function in collodion cnmlsioius, 
where they tend to eliminate free silver, hut at the expense of decreased sensi- 
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between the alcoholic silver nitrate and ammonium, zinc or cadmiUin 
bromide (in this instance zinc nitrate) solution, is left in the emulsion 
or* removed by washing with distilled waterd As previously stated, 

tiveness. Cobaltous chloride has been used for this purpose, von Hiibl consid¬ 
ering the less expensive zinc chloride equally efficient. It has l^een found that 
uncoml)ined silver in a collodion emulsion causes it to be less resistant to strong 
develojwrs, bromides and other chemicals being added to the developer to prevent 
l)lackcning (“veiling”). However, exposure of the emulsion to actinic light is 
also a common source of veiling, for a silver bromide emulsion, containing an 
excess of either silver, or bromide, even when prepared in actinic light, will Ijocorrie 
iiistantly developed in the presence of a weak developer, while tlic diffused silver 
liromide is apparently unattacked. Formerly, pyrogallic acid was the universal 
develojicr for collodion negatives, but at the present time it has been supcrsetlcd 
liy “iron” (a ferrous salt), pyrogallic acid being used only as an intensifier after 
the image has been fully brought out by the devclojxjr. 

1. la the unwashed pr<wcss, a “plain colltKliun” may lie pre])ar(!d either of the 
slrenjith and in the manner given by the II. S. or British Pharmacopoeias, or by 
dissolving pyroxylin 1 part by weight in a mixture of alcohol 15, ether :^0 (parts 
liy volume)^ filtering if nccessairy (see Ohapter IX). 25 parts of zinc bromide is 
weiglK‘d out, dissolved in the smallest (luantity of ethyl alcohol, \ or 5 tlrops of 
nitric acid iK'ing added to clis.solve any zinc oxide or carlxmate present. The 
solution should l)c filtereil through a small tuft of cotton if solid particles appear 
appart'ntly insoluble in alcoliol. This solution is tluTi slowly added to one-lialf 
the al)ovc colUxliun with vigorous shakiug after each aildition. Two nioleoulcs 
silver nitrate to each molecule of zinc bromide usc'd is llui e(piival(‘nt combining 
proportions (zinc bromide 225, silver nitrate 3!H)); in jinu’th'e 4 ]iarl.s silv(T nitrate 
(allowing the excess practice has shown is ncccssitry) is dissolved in parts hot 
distilled water to a clear solution, t) parts hot alcohol added to the aqueous silver 
nitrate, and the whole added in portions to the second half of the above coUo^hon. 
The broinized collodion is then inoorporaUnl with the sUver coWoAton, e‘\tWT 
by adding drop l)y drop and shaking vigorously, ot by aihVmg. the btouwLcA 
colloiilon by means of a nurelte in fine drops, meanwhile alirnug thc suver co\h)- 
ilion continually, that the precipitated silver bromi<lc nmy fonu m as w^»^\ par¬ 
ticle's as possible. AVlum carricHl out. the colioiiutfi -wiK'ti intoptmed 

fx'i ween the ol)ser\er’s eye and a candle fhifae Cimses IIm* latter to a|)pear A 
orange and approaeiiing a ndw tint. TJw? slia«le yellow of the pyroxtritll 
will modify soniewiiat the aptH*aranr<‘ of the tint, Udiig parffally tn« ii OTWt Iijp A 
siraw'-enlon'd pyroxylin solution. The silver nitrate must 1*0 in exe eaw, vsldl 
may !«> qualilaiively delenuiiied by ii*ldmg a *4 cither ptHMsium luclirlp Of 
potassium bicliromale .solution to the eolhtdion. when a yvdlow or bnrIsHnKi |N^ 
eipitate of silver iislidf* or ehnmwie will apjiettr. Vfter laying autkle for US' 24 
hour^. the pn-paration is n'udy for coiUing puqxwi^. Tin* rvtkmm lor 
to stand for soine hours using. Hpixkmuly lia* to do with tlw <if 1^ 

individual pnH'qiiUUisl silver iwomide tmrtteies. When ilw cocitaiikii ao 

excess of bromides, vw'cordiug Ui \\. U. KWin (rijlhKlum Kmulsion, iWhj, p. 
the solution has about one-tiflb the •>( wet colltHlitm, wheo'As cmuUioiui 

jircpareil with ammoniacul silver o\id«'. or with silver nitrate in exc'cns is cotisid- 
eralily faster. The process of frtanding or "ri|x*niiig“ als(» materially iuistea.s 
tlic rapidity, in which the silver bromide particles incre;ise in .size bv roalesrenee, 
(about five limes according to llubU, Klein aUo lias deterrnin<‘d r/i.af omulaurn'i 
containing finely ilivided silver bromide transmit orange-red ligtit. resi'^t develop¬ 
ment iM'tler, and have less tendency to produce veil than thos(' of coar.^er-gmiiiod 
silver bromide. This may l>o demon.stratetl by allowing the eniubi<in to stand 
for some time and clwantirig the su]Xirnatant layer containing the finer particles. 
This will produce clearer negatives and is less sensitive to light. In the washeil 
emulsion priMress, the silver nitrate, zinc nitrate, ammonium nitrate, an<( the water 
inlrodviccd with llie silver nitrate is removed in the following m^winer: The pyrox¬ 
ylin may l>o precipitated l)y intnKlncing in a small stream in(o"»of <jr c<j1i1 water 
with vigorous shaking, the ])yroxylin iK'ing tlirmvn out of solution a.s a bulky amor- • 
i)hous pellicle, which l>oing of a ctdloidal naliire, tenaeiou.sIy lydd.s a portion of 
the water. The sensitiveness of the emulsion i.s somewhat diminished by this 
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the silver haloid must apparently be precipitated in the collodion mass 
itself^ rather than to precipitate a silver haloid and add the yirecipitate 
as such to plain collodion. The interaction resultinj' in the jn’eeipita- 
tion of the silver haloid must occur in the collodion sulistanct'd The 
sensitiveness is dependent, in a measure, apparent!}', upon the size 
of the individual silver bromide particles, although the sensitiveness 
may be increased, as statcHl, either Ijy the addition of tannin-contain¬ 
ing compounds, or by the introduction of ci'rtaiii synlhetic dyestuffs- 
or alkaloids as narcotinc, codeine or apomorphim^.'^ 

Collodion emulsion may bo conveniently illvuled into (wo (•la^s(‘s-- 
those which do and which do not napiirc c.tlor si'iisiliziMs, llu^ '’onner 
finding their use in the production of monoclnoines, isochi’oniaiic col¬ 
lodion emulsion, lino and half-tom^ \v n’k, Irichroinatic and four-color 
Mclzograph screen. 


ircatmont. })Vit may Ix' minimizist )>y umuk small poriions r»f wali-r, wlm-h ^liouM 
always he (listiliHl and as free from or^ianlc maltci jts pos'^ihlo. As ilien' is alwsus 
a trace of tree silver left in tlie emulsion wliieli acts as an e\tt‘u setisiti/or, the s(*'n- 
sitivoness is snfiieicnt for ordinary pholojjraphic iNoik. ('ollodio-elilorido eniulsiun 
in wliirh chlorides suhstitute the Iiromides. and eotlodi(K‘lilt)rohromidc eonlainiiijt 
l)ot!i silver chloride and hroinide, aie used for traiis]ran‘ncy work at the ]iresenl 
lirnc or for Uie coatiiiR of collodio-chlonde ]>aper.s, uieniioiKMl elsewhere in lliis 
chapter. For formation of collodion diapositivos, si'C JMiot. iNev*a, hsntt, -111, 
030; Photp. Ruiidsch., ISUO, 13, 7. 

1. Silver nitrate is a bromide absorber from its ability to combiiH' with bro¬ 
mine to an insoluble form, and in this respect is a chemical simsitizer <»r ccnisid- 
crahlc importance. 

2. According to Klein, l.c., p. 10, the active apMit in most cases was found to 
be the alkali “which th(‘sc sub.stanc<‘s coniaiiK’d.” Tla* or^inic sell^itizers an* 
of value mainly in those C(dlodion emulsions iised fur opaU, tnui-span'iicies and 
lantern slides, in distinction to the chcMuical and <*olor sensitizers, used in pnx-ess 
and tricolor portrait and landscape work, where ^jreat rapidity and orthochro¬ 
matism are the desiral)le recpiisites. 

3. (k)llodion emulsion maylx' .stmsitized for nearly all th(‘ sp('etral eol<»r.s with¬ 
out losing; its general s('nsitivcness. which may be materially increased by the 
addition of synthetic dyestulTs. ('ollodion enmlsion may he st'nsil izjhI with greater 
accuracy than gelatin dry plates, ami von llubl, who has investigated the phe¬ 
nomenon, finds tfiat the screemng defect of gelatin plates i.s so probamd that 
a complete? shifting of the region of sensitiveness occurs, so that tlie accurate' adjiifil- 
menl of the color-seusitiv(?ness of a dry plate' is a. diiliemll if not un|»ossiblc o}K*r- 
utiem. (killodioii emulsion, however, is almost free* from this defe'et; the silveT 
bromide particles wliieh are to bo colored, is not imbedded in a eleeply colored 
medium, as wdth gelatin. In orthocliromatizing collodion the dye'stuffs geueTally 
employed are eosiiu*. erytlerosine\ rose hengal, acridine, iirauine, cyanine, nigrosine, 
chle>rophyl, ethyl violet, ])inaverdol, honmcol, sodium ineuKdaomfluoreseMn. eainary 
II, and the patented sensitizers. For their indivklual characteri.stics con.sult some 
work like Collodion Emulsion, II. O. Klein. The selection of aniline dyestuffs for 
sensitizing purposes is delicate ami time-consuming \s’(»rk, Ix’cause ocular speolro- 
scopic tests must l^o supplemented liy .spectrographie t((sts. In gem‘ral. a dyt'slulT 
simsitizes that portion of the si)ectrum wdiicli the dye absorbs, hut many dyes 
showing absorption bands produce no sensitizing action when mi\e<l with <‘mul- 
.sions. The sensitized surface for pliotographic films pat<'nte<l by W. ('aldvv('ll 
(U.S.P. 956507, 1910) comprise.s a silver halogen .salt as the bromide, and an 
ammonia derivative as formyl hydrazine or hydrazine ])liosphite or Hulphil.e. in 
cthcr-alcohol. 
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Printing<out Silver Emulsion, may, accordmg to A. Valcnta, 
be prepared by adding to 500 cc. 3% collooion, 10 gra. citric acid 
in 40 cc. alcohol, 4 cc. 40% aqueous strontium bromide solution, gly¬ 
cerol-alcohol (1:1) 4 cc., silver nitrate 10 gm. in 95% alcohol 40 cc., 
and ether SO cc. The citric acid is dissolved in tlic alcohol, bromide 
and glycerol no.xt added, and the silver in a deep yellow light. The 
ether is finally added and the mixture shaken until homogeneous. 
A harder working emulsion results by adding 0..S gm. calcium bichro¬ 
mate to the above quantity. Excellent results are said to be obtained 
by adding ().4-0..5 gm. calcium chloride. The papers are .said to tone 
w(41 and uniformly in the various baths, print several times as fast as 
commercial P.O.l’., and with but littli! loss in fixing and toning, except 
with the einul.sion containing chromate. 

Collodion Emulsion without Color or Alkaloidal Sensitizers.' 
.\lthough the method of manipulation dlllers aecording to tho pnr- 
pose to which it is applied, collodion einul.sion may be used for tin; sami' 
geiu'i-al classes of phoiograidiic work for which wet collodion or gelalin 
id.ates arc indicated. The ghuss plate having been properly cleauedri 
ns a prelimimuy, a gelatin or riihher suhstratnm niny he npplieil, 
altiiough some writers prefer to apply the collodion directly to the pol¬ 
ished ghws phUe, using only a rubber solution around tho margin 
to cause the collodion to better adhere to the glass.^ The jdale must 
be thoroughly diy and perfectly cold, or the collodion cimilsion will 

1. See “ PhoUigraphio Sensitive Surfaces,” E. Donisthorpe, E.P. ntill, 

for making eollodinn films esiKwially suited to Riint.gon pliotograiiliy, see M, Levy, 
E P. intlllS. 1S!I7; also Phot. Mittli., ISl)!), S(>, 215; Phot. Rnndseli.. I.SIII), IS, 1(12. 
Ei.r '‘(tollodion Papers” se(i Eder and Valenta, Uhcin. Indus., IStltl, 22, it)7; .\1. 
Phot.., I!ll)2, 9, 207; Gaedicke, Phot, .\lit.tli., l.SOS, SO, 202. 

2. Taking sheet glass as reeeived from tiie dealers, it siiould Ik? washed with 
soap to remove dust, then immersed ill a hot iia.seent chromic acid solution, pre¬ 
pared liy di.ssolving S parts commercial potassium liichroiiiale in S parts liot. water 
.Old luldiiig S volumes siilpliiiric aeid 00° ItiS. previously dilutcsl by slowly adrliim 
it to an equal volume of eold water and with stirring. Never dilute tlie acid hy 
addi'ig water to it, hut always the revenso. Tlie plates are .soaked in this solution 
for 1 to ti days, waslied and iiiim('r.sed in a lO'i,', canslie soda solut.ion from 1 to 
:i hours, rinsed, waslied witfi alcohol and dried. Gleaning pastes shouhl In' um'iI 
with caution on account of liahilily of scralehing the glass. This is especially 
so with ]>late gla.ss, whose surface is niocli softer t.lian timl of oriliiiary slieet gla.ss, 
due to the fact tliat the iiardcr exWrior portion of tlic glass lias liecn partially 
removed as the result of tlie various o|ieralioiis of polishing. Tlie effect of uiieiean 
glass in collodion ennilsioii is mucli more apiiareiit than witli wet colhstion plates. 

S. If a suiistralum is to he placed on the gltass to give lietler adliesioii to the 
colloilion, a 1% solution of Para rnhlier in iH-nzene flowed over tlie gl.ass and in 
r>% strength for edging is salisfact.ory, or alliumeii 2% with a (race of ammonia. 
Klein (l.c. 37) finds most relialile, gelatin ,70 gr., acetic acid 3 or,., warmed until 
dissolved ami onc-lciitli of the following added: water J or,., chrome alum 10 gr,, 
to which is atlded 70 ))arts methylated spirit., wlien tlie sulistraluni is ready for 
use. It is stated tliat the presence of tlie acetic acid causes coiisideralilc decrease 
ill sensitiveness, especially noticealile in emulsions sensitized witli ethyl violet. 
The coated plates are placed with tlieir faces together with bibulous paper between 
until ready to be collodion coated. 
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either evapoi'ete unevenly or too rapidly, or fofi; tine (o partial itre- 
cipitation of the pyroxylin by the moisture present.’ 

Preliminary to coating the plates, the emulsion is well shaken for 
several ininut(^s in the dark I'oom in order to diss(uninate uniformly 
the silver halide in the collodion mass, .\fter shaking, the solution 
should stand for five to ten-minutes in order to allow the entangled 
air hubbies to rise. On the assumption that the reader is unae<iuainted 
with a method of coating the plate with collodion, it may be said that 
one satisfactory way is to hold the ])late in a lioi-izontal position by 
means of a pneumatic plate-holder, dust the surface cai'efully with 
a cainel-Jniir brush to remove all organic particles, then pour the 
emulsion in the eenf.er of the plale, tilting the, j)la((i backward and 
forward until the whole surface has been uniformly covered, when the 
excess of emulsion is preferably i-un into another bottle.- .\s soon 
as a film has furnuHl o\'c'r the surface of the emulsion (the glazed 
surface of which can rea<lily be sc'en by relh'cled light) the plate is 
n-ady for eohn- sensitizing, or if in monoehronu', it is placed in the 
dark .slide', and is reaely for (!\pe)suj-e.'* (knninercial collodion emul¬ 
sion in its plain slide, without coloi- sensitizei-s, will keep .seve'i-al years 
without serious impairment, ('ven when s('n.sitizing dyestulls iire present-. 
If, however, eerlain silver dye,stuff combinalions such tis .silver eosidt! 
are jtre.sent, the emulsion will keep but a li'w diiys or houi's, depending 
on the atmospheric tem])eratui-e, and to a h's.silegret' upon the huiniditi.t’.-’ 

1. As the addition of cnrliiin dycstults lias a tendency to cause the film to detiich 
itself from the gla-ss support, a Bubstratum i.B esiieoially ilesirable in those einiil- 
;iion.B containing dye.BtutIs. Witli It. Albert's eniolsions, llie presi'oce of pierie 
aciil in die sensitizer obviates this tendeney. Wliere plates lu-e di'velo|K'd witli 
bydroebinon (bydro(|iiinone), a soli,stratum is imiieiited oji aceoimt of the bydro- 
ciiinon eansing specks, seralelies and otlier imiierfeetions in tlie gla.s.s to be inoeb 
more conspicnon.s. Klein reeominends-a mi-xture of liydrix-liinon anil glyein for ordi¬ 
nary iiolislieil glass, and for lialf-lone, hyitroehinon alone, Inil with a soiisIraUim. 

2 . 1 lie plate sliould lie tilted slowly and I'venly so as to jiroduee a film of uni¬ 
form tliicknc,s.s over tbe entire jilate .surface. The “jiouring on” and “pouring 
back” liottles .slioidd lie neither oork-stoppored on aecoun* of babilit.y of cork 
dust entering the solution, nor of rulitier on aecoiml of the solvent aelion of the 
ether thereon. 

3. The dark .slide .should Ik* kept scnipolously clean, and es|n.s;i;d care should 
Ix! taken to keep it free from emol.sion drainings. Dark slides wliicli hio-i. Iieen 
used in wet collodion work should not lie used for emutsion slides, on account of 
tlie danger of contamination frorn the dry silver nitrate forming silver iodide .spot,;. 

4. (tolhxtion emulsion retains its seusiiiveiiess uoimiiaired mue.ii longer when kept, 
at a low temperature, whereas the newer sensitizers, ]iinaeyanol, jiiiuiverdol, boni'i- 
col, ethyl violet and diamant black when mi.xeil with emulsion materially a,id 
in the keeping c|ualitie.s of t.he latter, and at the .same time thi' emulsion gives eh'ar 
working qualities. E. .\llrert has introduced a developer wliicli firoduees greater 
density and extremely brilliant negatives, but the solution does not keep very 
W'eil, It is best prepared in a concentrated stock .solution which is inixnl after¬ 
ward and diluted with nine vohirae.s of water before using. The so/nlions am: 
sodium sulphite 10, potassium carbonate H in distilled water 20; hydroquinorie 
1 in water 4; and ammonium bromide 1 in water 4 (all parts by weight). Hy 
increasing or decreasing the quantity of hydroquinon the density may be 
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The usual developer is {:1^\ in the proportions aini onkr here stated, 
Sodium sulphite 5 is di.s, solved in hot di,stiJled water S, glycin 2 added 
and finely dry potassium carbonate 10 (all part,s by weight). This 
stock solution, which will keep indefinitely wlien well stoppered, is 
diluted with 10-12 parts of di.stilled water before use,* The plates 
may al.so be fixed with sodium hyposulphite (thiosulphate) and 
potas.sium cyanide, and by a numlier of other combinations if de.sired, 
but ii’i’cspectivc of the developer u.sed, the plates ,should always bo 
washed before development, because the aleoliol-eontaining surface 
acts as a repellent to the aiiueous developin' solution, and may cause 
the appearance of streaks. After deve]o[iment, fixing and washing, 
tlie eollodion plate is dried, and finally coated witli a protective resin 
varnish,- ^ 

varied wiOiin wide limits. Edinol and li,vdroi|ninon proiliieo a satisf.actory devel¬ 
oper m the followitif; eottdiiiiation: areiime sulphite 4, potossium carixrnate 10, 
water 40, liydropuinon :i, eilinol *2, ethyl aleohol '2(1, and water 21). The edinol 
is dissolved sepanitoly in the aletjhol and tidded to the other itigredients previ- 
ou.sly ilissolved. Hit! pol,assitim carbonate lieinR dissolved iirst. The third solution 
is i')t)';l a(|ue(ius potassiutn liromide, wimdi, liowevor, may he dispensed willi, and 
still prodiiee clear results. In practice It) parts of the first, 1 of second and J-l 
part of the la.st .solution are mixed with T2,') T'O) jiarls of water. 

1. The ima!!e on a imiperly ex[)osed plate will ap|)ear in about forty .seconds 
with the hydnxiuinon developer and in uhoiit half that time in the Kl.vein devel- 
o])er. Intensifiers, accelerateirs, or mstraiiwu's are of hut little value in collodion 
emulsion work in ti corrt'clly oxitosed itlate. The exeellent and clear nejtalivcs 
Itrtsitieed hy liydro(ptinoti and so dt'sirahle in jtrocess work, are ohjectionahle in 
other wi>rk, as for instaiiee in the fotie reproduction of pastel or an oil paintiii)'. 
(llycin yi('lds softer atid ntore stihdtK'd neytatives, espeeially when ht^'hly diluted 
and allowed to act for a cofrespondiiiKly louKor iteriod. H*. Klein feels tlmt “the 
comiiiaint often made tdait emulsion neitatives are hard atid devoid of detail in 
the shadows is not justilietl, l)<'cati.se the softest and best-(tradtinted negatives 
iiav(i Is'cn maile with emulsion liy pro|)er choice of developer and sensitizer.” 

2. The solvent of the resin must lie a fluid that is a non-solvent of pyroxylin. 

A fusel ml .solution of shelhie, the latter having Iiecn inirilied from wax aecordin); to 
l''ield’s process ])revionsly de.scril>ed, makes a IfansparenI hard, and lustrous coating 
and one that wears well. 

:t. Defects and Remedies in the Foregoing Processes. The defects in col¬ 
lodion enudsion plates and “wet eollodioir photogra)>hy are usually traoeahle to 
wi'll-deliiu'd causes, and tla- result of lack of attention to detail or uncleanliness, 
h'og on the i)late niay be caused by improper sereening of the lens during expo¬ 
sure, the admi.ssion of extraneous light hy other means, or dust on the lens. These 
defects arc more apparent, the longer the exposure, espeeially in warm weather, 
wl»'n a portion of the j)]at.(» niay iMX'onK? dry. When this fHtcurs, there are apt to 
appear certain jtlaecs mtire transparent on development than those portions where 
the film ha.s been kept wet. Where thi‘ silver hath has accumulated cortsider- 
alile .'deohol through long or continued ii.se, this ctTect l)ocomc.s more apparent. 
The tendeuey of lhi‘ film to dry may he inhibited hy placing at the hack of the 
Itlates a few pieces of red blotting pa\)er during the exposure pcritxl. Where the 
exposure has been long it \)rohably is best, to place the plate again in the bath 
for one-half to one minute just Itefore development. If the coating solution has 
not been utiiformly flowed over tlui plate, lines or streaks may atrpear, and the 
fdrn l>ceomc repellant from /vicohol in i.he film .solution. .\ larger amount of devei- 
()ping.so/it/ion siiould then /«■ t.aken, to which a small amount of alcohol has been 
added. The developing soliition should not lie poured on the plate in a stream, 
on account of danger of washing the silver nitrate away at the point where the 
develop(!r strikes. Where an e.xccss of developer is used, and is rqgked over the 
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Collodio-Chloride Process, pcrliaps inoro pi'operly called “ CYI- 
lodio-ditro-Uhloride Process,” which was iiitroduced by G. W. Simi)- 
son in ISIH, and which in works published ten years ago was referrcil 
to as obsolete, is at the present time quite extensively used. Tbe 
points of advantage whore the emulsion is applied to paper are: f' ■ 
paper may be blotted oil when taken from the washing tank, whii i 
is quite an uiusafe pi'oeedure with the gelatino-chloride j)roccss: the 
paper may be dried wltho\it danger at a low heat; iloes not crack 
when dried carefully and kept under pressure, and gives (l('pendabli‘ 
results. An improvement on Simpson’s earlier formula is as follows: 
isilver nitrate 2S gm., ethyl alcohol 100 cc., collodion SOI) ce., stroiitiin 
ichloride 4 gm., lithium chloride 2 gm., citiic acid 7 gm., ether 100 cc 

plate, it will (lissnh'C a portion of tlu' silver anil result in a lliinner noKative. If 
the image is slow in appearing and when finisiied appears icn, the [)late is p o- 
ahly under-exposeil Oonversely, if tlie image appears qiu .iy and is hazy, n r- 
exposure has heen made. Peculiar “ liorscshoemarkings ippcirng on tlie Im- 
ished negative aie usually attrihiitahle to drops ol Iho developin' solution having 
heen allowed to diy on the plate, or the .sensitue .sohioun on he I cl. of the plate 
during exposure. It the film is insnlficieiitly ''ashed "inie, ilie.dii-i fog" miv 
apiJcar. A red stain forming upon prolonged intensification - U'Uall\ remov.i' c 
hy the application of dilute acetic acid, linperfeel fixation ami i con jilele waslin.: 
always result in fading or staining. In intensifying willi acid pyiogallol .md 
silver nitrate the latter should lie narefnlly adjiisled in amount, an excess of silvei 
causing more rapid intensification, and a greater finid densiiy, This cans' s ii 
variation in the negative as regards relaiiic emdrasts, i.e., where a laige amount 
of silver nitride is useil at once, tlie negafiie eont.ra.is when in'cusiiied will Ik* 
less tlian where small ipiantities arc enijiloyed, or where the opeiiitioii tjl.cs place 
more .slowly. Blislers in the film may he duo to imperfect siihsirapjm eoaliiig, 
the prosenee of a pieservative, especially of tliose ooiitaming saechariiie or mueil- 
aginous matter, or those iireservatives, wliieli like colTce or gallic acid solid ions, 
are high in tannin corniiounds. In negatives properly fixed wilti “hypo,” ileleels 
are seldom. Wliere potassinin cyanide is used, a reduction in densiiy often occurs, 
due to the solvent act ion of the cyanide on the silver. Ulaek spots fonning on 
development are usually the result of organic particle.s (dus't.), incompletely fil¬ 
tered pyroxylin or suhstraUini media. _pin holes or hubliles in tiie glass, or uneven 
ami irregular deposition of silver halide. (Ira]«‘ tmirkings in tlie film are often 
(he result of a too aqueous emulsion .solvent, and inci|iient gelatinizat.ion of the 
pyroxylin, or to the fact that llie emulsion lias been recently di.sturlsid, and large 
grannies of silver lialide poured onto t he plate. If the emulsion retiises to flow prop¬ 
erly, the vi.srosily is too high This is doe either to the ein|iloyment of a pyro.x- 
yliii of too high viscosity, incomplete sohihility, or the .solvent portion is so liigh 
in non-solvent that the pyroxylin has begun to gelatinize, (loiicentratiou of the 
emulsion through solvent’evaporation must Isi (list iiigiiished from a too viscous 
pyroxylin. The sensitizing bath sliunid always he acid (with nilric) in order to 
guard against fogging from precipitation of silver oxide from alkaline sohilile sil¬ 
ver eoiiiliinations. In hot weather circular insensitive patches sometimes occur 
in the center of the negative Iraceahlc to tlie pneumatic holder u.se<l. hog may 
also ho caused hy insufficient free iodine in solution in the collodion, which should 
he of a deep sherry color, to give the most satisfactory results. To correct this 
deficiency a small amount of an alcoholic solution of iodine may lie added. Excess 
of acid results in negatives deficient in detail and in insensitivencss. Excc.ss of 
iodine cairscs acidity hy withdrawing silver by precipitation, thus leaving free 
nitric acid. If too long a period intervenes between withdrawing the plate from 
tlie sensitizing bath and development, due cither to too long exposure or delay 
ill development' after exposure, the jilate after expixsiiro should Iw momentarily 
unmersed in tlie sensitizing hath, then witlidrawn and immediately developed. 
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kIvcmoI (to prevent cracking upon drying) lO-l.'j cc. The emulsion 
is flowed over paper, observing the precautions previously stated in 
plate coating. The enameled paper such as is used for heUotype or 
lithography is satisfactory. A paper somewhat larger than the print 
re<|uiiecr is taken, the edges turned to form a tray with a spout at 
one corner, and the paper put on a glass plate before pouring on the 
collodion. After the emulsified collodion has been uniformly dis¬ 
tributed over the paper surface, the excess is poured off, and the paper 
allowed to dry—still (of cour.se) in the dark room. To impart addi¬ 
tional brilliancy to tlie resulting piint, it is recommended to blow 
ammonia fumes over the sui'face of the paper. The print may be 
toned in the regular manner, tlu? following bath, made iti two solutions 
imparting dense, opaque, inky tones. No. 1. .Vmmonium sulpho- 
cyanide 2, sodium thio.sulphafe (hypo) 1..'), sodium carbonate (dry) 
().'), water t.o 700 (all parts by weight). No. 2. (lold trichloride I, 
chalk 20, water to 700 (pnits by weiglit). Kiiual (iiiantities of 1 and 
2 are mixed and the print tons'd from three to ten minutes, the bath 
being used but once, by nii.xing unwaslu'd collodio-bromide emul¬ 
sion 2 parts, and utiwa.shed collodio-chloride emulsion 1 part, a “ co'- 
lodio-broino-cliloride (Miiulsion ’’ re.sults, which combines many of 
the advanta.aes ol lirnminc and chlorine in emulsion combinations.' 

1. Y. Scliwartz; (JO.IV !l!l!r.>, IlKC; U.S.P. 7]()t)lt), 1002; 002788, 1010; F.P. 
:i-'l)l,')l. 1002: ;i7.S80.'>. 1007) uses a .<(iliitii]ii of p.vroxylio in acetone or amyl ace- 
luie io iH'epai'e a eollddion wliieli jieiielrales into the paper. Tlic solution recom- 
inendeil is eoinposeil ot_jiyro.yylm 10 pn., 00% acetone 1000 ee., amyl acetate 
,S7r> ee , ami Oenrmie 87.') ec. Tlie paper i.s eoaleil witli this solution in such a 
manner tliat for ('aeli Hi|nare meter of piiper, alioiil 70 cc. solution is used. The 
resuliing papi'r is said to he very sirona and somewhat transparent, Iteing thus 
p.speeiiilly aila|iteil for tlie maniifacimv of sdvor liromide paper. See J. Wellini:- 
lon. E 1>. I 1271, ISii:!; 11,821, ISOd. 

The Volletihruch jiroee.ss of proparhiK collodion paper consists in eombininp 
rtronlium eidoride 2 am., eilrie acid 4 am., lithium cldoride 1 am., alyeerol 0 ce., 
silver nitrate 14 am., ether and aleohot each ,')() ce., .8% collodion 400 cc. The 
silver nitrate is dissolved in 4 ee. water, added to 27) ee. alcohol, and tlicn tliis to 
hall tlie eolloiliiin. Tlie .strontium .and litliinm clilorides are dissolved in the smallest 
amount of water and added to 12 ee. alcohol. The ciii'ic acid is (ii.ssolved in llie 
remainina 18 ee. aleoliiil. The silver and aeiil-eontainina collcHlion are mi.xial witli 
continual shakiua, liiially addina Hie ether and glycerol. After launa alloweil 
to .stand for .some hours, the eniulsiiin is filtered. E. Voaelks process consists in 
dis.sol\ina 1 am. lithium cldori'le, 0(1 gm. stroiitnim chloride and 1.,') gra, citric 
M’id in 2 gm. warm distillcil waler, milling ,')() cc. alcoliol, filtering, and pouring 
into .100 cc. 4' ,', collodion. In Ileidcrsladt's method 0.2 gm. lithium chloride 
and 1,.') gm. citric acid arc rlissolvod liy gcnilc iieat in .lO cc. alcohol, 500 cc. 4% 
colloilion added, and tliis sliakon togetlier with 15 gm. silver acetate previously 
dis.solved in 7 cc. water and 150 cc. alcoliol added. According to Brit. Jour. Phot. 
1002, 111. 101,ordinary collodio-ehloriile paper, prejiared with the chlorides of 
ealeium, stiontiiim and lithium give lirownisli colored prints hearing tlie strenge.st 
resemlilanee to Englisli “cold hath” platinum paper. A method of preparing 
collodiii-ehloride paper for platinum toning is given, in whicli the ealeium chloride 
in the mnulsiou is rediieed to a very small amount (iiuantity not staled), its place 
being taken liy an aleohnlie solution of liydroeldoric acid. As the latter com- 
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Collodion Dry Plates for Acid and Alkaline Development 

wliich wci'p in (‘.nmiiioii use previous to the introduetion of the collodio- 
bromide mid eollodio-bromo-iodide pi’ocesses, lire of especial value in 
copying line work and in the preparation of lantern slides. It is less 
u.si'ful in process woik. These dry jdatca are aliout one-fourth as 
fa.st as bromo-iodized collodion with the ferrous sulphate developer, 
but tlie results obtained are uniform, the. method is clean, and if the 
image is devidoped by an acid devclopi'r so that the silver is deposited 
upon the sui'face I'ather than in the interior of the film, the quality 
of film produced is favoraldy comjiarable with that produced by the 
wet collodion process, which it much resembles. Hy so-called “chem¬ 
ical dcveloiimeut ’’ of the image with an alkaline developer, the lat- 
lei- is foi'ined within the film substance, similar to collodio-bromide 
emulsion or gelatiiio-bromide plates. Alkaline (h'velopmeut pos.ses.sps 
the advantag(> of allowing of the conversion of a negative image into 
a positive, so that a half-tone transiiarency jiositive may be obtained 
directly from the “ cotiy.” This is especiiilly valuable in the prepara¬ 
tion of intaglio [ninting i)lat('s. 

On account of the ea.se with whicli t.heso plates may be formed, 
lantern .slides may be prepared uiwu glass of t.hi' desired .size and devel¬ 
oped up to the edge of the plate. The plat.e.s are piepared by flowing 
on iodized negative collodion containing 0.2 gm. cadmium bromide 
per oimc(' of iodized collodion, the latter having been aged to a liglit 
amber color. Iodized nollodion so old as to be asoless for wet plates 
gives satisfactoiT results. If the ordinary wet plate silver bath is 
u.sed, it sliould be made distinctly .acid with nitric or acetic acids. 
The plates are to be seirsitized by immersion in the silver- batli from five 
(in sumnu'r) to ten (in winter) minutes, deiiemling on the temperature 
of the room.' After draining, the plates are thoroughly waslu'd with 

tiincs with .silver ti) lihcralc nitric acid, tlic usual free,nitric acid present is partly 
replaced hy ainmuniinn nitrate. In einntsiuns containing l.S-gO gin. silver nitrate 
per 1., ()()';(, of which c.vi.sts in iJic form of “ammonio-nitrate” produces a very 
.sensitive pajier of good graduation and keeping (lualitics. As compared with 
gelatin paper, it is claimed that collcHlion-coated paper gives purer whites and 
as fine a surface as with allmmcn. Cl. Mo.ss lias recommended zinc ciiloriilo insti^d 
of strontium cliloridc on account of its ready solubility in alcohol, no water licing 
necessary to effect its solution. Sec G. Macairc, E.I’.g21.')2, ISO!). For collodio- 
ehloride emulsion .see Sci. Am. Suppl., 11)00, .lO, 20808; Jour, of Phot,, 1900, 47, 
ol)9. 

i'. A silver hath may he made from 7% silver nitrate in distilled water to which 
1 drop cone, nitric acid per ounce of solution is added. The batli should be kept 
the full streugtli of silver liy frequent additions of silver nitrate. With increase 
of neutrality, there is a corresponding increase in sensitiveness. The sensitized 
film will ap|>ear more opaque from the silver halide precipitated therein, and must 
Ik* waslied in distilled water unlil all uncomhined silver lias been removed. Traces 
of soluble salts cause stains from reduction hy the tannin, when the subsequent 
preservative solution is added. 
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distilled water, in at least five changes of five minutes’ immersion 
in each, and are then covered with distilled water, in which they are 
immersed until used. The films are thus like those of a collodio- 
bromide emulsion and are manipulated similarly. 

Manufacture of Collodion Photographic Films Ls conveniently 
divided into (u) preparation of the collodion film, and {!/) depo.sition 
of the sensitive emulsion thereon. As has been .stated in Chapter 
XIV mider “ Celluloid Sheets and Films,” the first photographic 
pellicles were formed by j)ouring a pyroxylin solution upon a hard 
polished surface—u.sually glass—and after solidification through 
evaporation of the fluid portion, the film was peeled off and served 
as the support upon which the sensitive layer was imposed. But 
the early difficultie.s in the art of film making are traceable to the 
central thought in tiu' advancement of the nitrocellulose industry— 
the inapplicability of the solvents used—the result being that the 
films were irregular, warped, buckled and were uneven in thickness 
and ragged in contour. Heniy Reichenbach in his TI.S.P., issued in 
Dec., 1889, made the first, application of the use of a .solvent of pyroxylin 
that was not highly hygroscoiac to tin- production of a photographic 
film, in which the speed of evaporation was inhibited by the presence 
of fusel oil. This formula of wood ahiohol, camphor, amyl acetate 
and fusel oil may he regarded as the most satisfactory solvent com¬ 
bination which had been proposed up to that time. Reichenbach 
evidently recognized that by a suitable combination of solvents, solu¬ 
tions could be i)i'oduc('d that would flow fa.st or slow, set rapidly or 
slowly, and impart distinct pi'oijcrties t.o the resulting film, and the 
industry was given its fii’sL modern .impetus, when it wa.s placed on 
a substantial footing soon after, by the utilization of the discovery 
of the value of amyl acetate by its use in film production by Hannibal 
(loodwin. Through his employer, fi, Fastman, the patent of Reichen- 
badi w'as (ixtended to England,* in which both formula' and process(!s 
are desci’ibed, and b}’ means of which immen.se (juantities of sati.s- 
facloiy photographic films are said to have been produced. The 
apparatus consist.s of a long bed-plate of polished plate glass over 
which travels in a longitialinal direction the spreading apparatus, 
consisting of a hopper holding the solution, and a transverse spreading 
blade, made in sections and fitted with automatic adjusting mechanism 
to compensate for any deviation of the bed-plate from a true level. 
Over the jdate slides a light cover which protects the film from dust 
during evaporation and also enables part of the solvent to be recov- 

1. E.P. lOSOG, ins!)7, lOO.W, l.SilO; 7.501, LSi)2; al).st. J.,S,C.l. 1890 

9, 547, (561; 1S91, 10, 159; 189:i, 1*2, 404. 



NITROCELLULOSE INDUSTRY 


SJO 


iT’cd, tlu; vapoi's hoinf; witlidriiwii from under the hood by means of 
an exl)aust fan placed at oiu' <‘nd. Tlie machine is also provided 
with an apparatus for cut Linf; the film into narrower strips and reeling 
the latter off on spools. When the film is to be used as a support 
for gelatino bi'omide or similar emulsion, it is coated while still on the 
bedplate, to which it adheres ([uite firmly, .\fter the emulsion has 
set and dried, the coated film is cut and reeled off. The foiiiiula for 
film Tiianufaelure publi.shed by Crane that same year* consisted of 
methyl alcohol -10, amyl acetate 20, amyl alcohol 40_(all gal.), pyrox¬ 
ylin oO lb., or for a viscous solution ~).i, 2.'), 20 gal. and 100 lb. of the 
above-named constituents togethei' with 50 lb. camphor. His metbod 
was to sju'cad a viscou.s solution over the carrier by means of a knife 
or straightedge, the thickness of the film being regulated by the 
spreader. J. Swan and J. Leslie** prefer to spread the collodion on 
a gelatin surface, from which the film is stripped very readily when dry. 

The method of pi’eparing films pcrf('cted by E. 'rodtl ** is essen- 

1. E.r. ISSO; ahst. .I.S.C.L, 18!)(), H, 802. According to Dr. E. D. Williams 
(Sabin’s Tecliimlogy Ilf I'liinl and Varnisli, ji. 118) “the Eastman Kodak Comiiany 
is .said to use a fdrmiila fur film manufacliii'c consisting of f)?'/;. methyl alcohol 

fn.s<‘l oil 2.i‘;,',, and amyl acetate 10%, with jiyroxylin Hi oz. per gal , the 
iaciiiicr being spread on glass'plate,s previously coated with a thin film of paratfin." 
Under the name CJiiinone a formula consisting of amyl acetate 20 gal , amyl 
alcoliol 11 gal., benzine 71“ ■! gal., and pyroxylin 24 oz. per gal. lias found extensive 
use as a lacipier for the preparation of films. The ready volatilily of the hen- 
zini' 71“ Re. gives a iirepimderanee ol jiynixylin solvent at all stages of the evap¬ 
orative process. Meisler, Lucius and Rniniilg (E.lMiVh')."), 1800) dissolve 1.8 parts 
pyroxylin in 10 parts hy weight of glaeial acetic acid by licat and stirring anil add 
gelatin !> parts, .\fler (his has swelled. 7.'i parts hy weight of 00')), ethyl aleohol 
IS added willi .stirring. The syrupy prodiiel is then imured on ghess plates to form 
films. To render tlie film opmine to .N-rays (L S.I’. 7.')8H10) red lead 10, glue 
ami glycerol 1 each and nihher 0.1 jiart timy he ineorporated., In tlie aiithor'.s 
expericnee amyl acetate 80, relined fu.set oil 12 and pyroxylin 2..') (all hy weight) 
proiloees a railier expensive hut very satisfactory eonpiositioii for plate coaling 
or lilm formaliim. Ratal (I'M*. Ooio.'il, 1008) ]ircpares a tramsparent compo¬ 
sition for making films composed of amyl aeelale ■l.'i ee., ileiialiired aleohol M 
ec., castor oil .'isec., celluloid .) 0 gm. To enamel paper, coat it until a glo.ss is 
obtained, dry, and dip the enameled jiaper into a solution of amyl aeelale itO cc., 
denatured alcoliol 0.') ec., castor oil a cc., resin 00 gm., celluloid 80 gm. To apply 
metallic jiowdcr use arnyl acetate -lO ec., denatured aleohol ."»0 cc., samlarac '10 gm. 
Aeeimiing to Y. Schwartz (I'M*. 8201.i2, 1002) the jiaper is treated with a solu¬ 
tion eomjiosed of It) gm. of nitrocellulose, 1 1. of 00*)'), acetone, ,87.'i ec. of amyl 
acetate, and 875 ce. of lienzene, which is ajijdicd to I lie extent of 70 or 80 cc. per 
sijiiare meter. This eoinjiosition is said to jiroleet the jiafier il.sclf from tlie plio- 
lograjiliic reagents ami to cause the sensitive emulsion to adlieie well, for plat- 
innin toning of eelloidin jiaper see I’hol. liumlscli., 1008, 17, 20; I’hot. Mitth,, 
1,808, 30, 851. 

2. E.!’, 08!I8, 1800; alist. .T.S.t'.I., 1801, 10, 702. See also Knlin, K.I*. 0!I21, 
1801; alwt. J.S.U.L, 1801, 10, 787; Ralagny, E I*. 4178, J.SIKJ; ahsl. J.S.tM., LSOl, 
10, 572. Rerlin Aniline t'o., E.l*. 025, 1001. As an aid in distrihniing the jiyrox- 
ylin solution nniformlv. sec tiic device of E. Mertens, E.l*. 171t)0, lt)04; D.R.I*. 
12.5017. 

8. U.S.P. 4280.54, 1800, E.P. 0815, 1.800; ahsl. .l.S.t’.I., LSOO, 0, 1000. Pefer 
(h'.P. 850708, 1005) produces jihntographic jiroofs jiosilivc as to light and shade 
and also, if desired, with resjiecl to tlie jiositioii of thesuhject, on a single sjiecial 
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tialiy different from the f{)regoing. Instead of flowing collodion over 
a horizontal rigid support, use is made of the apparatus shown in Fig. 
260, in which a is the tank or receptacle containing the collodion, 



Fig. — PreparijiR Collodion Filins according to Todd. 

provided with a rtunovablo cover b at the top to prevent evapora¬ 
tion. Witliin tlie receptacle is arranged one or more bars upon which 

Ronsitizod surface in one operation, consisting in coating celluloid with a substance 
relatively opuijue by reflecied light and transparent to transmitted light. W. 
U. (-aldwell (E.P. IfiSO, 190S) forms sensitive surfaces on which images can 
be producetl either by hmg exposure only, or by short exposure and subsequent 
development. To attain this result, a siii)stance must be present which is not 
reduced by light after its oxhlation by the liberated halogen; which will not reduce 
the silver salt uscil, in the dark; and which will nbsorl) t he halogen as raphlly as it is 
set free by light. (Vrlain salts of hydrazine and hydroxylamine, or their derivatives, 
fulfill these conditions, such as liydmzine sulphate, sulphite, or phosphate, or a 
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are suspended glass plates. The collodion is gently poured into the 
coating receptacle until the plates of glass arc entirely immersed, the 
solution allowed to remain at rest until all air bubbles have arisen, 
when it is withdrawn by opening the spigot c. The speed with 
which the collodion flows out governs the thickness of film deposited 
on the glass plates, it being obvious that the faster the collodion flows 
into the receptacle h the more attenuated the deposit on the glass 
will be. The plates are also effectually piolected from the depo¬ 
sition of dust while in the moist state. After the solution has been 
run out and the plates dried, the collodion is peeled off in any con¬ 
venient manner. 

In the more recent proces.s of J. H. Smith ’ two component films 
are prepared by coating upon an appropriate smooth support a gelatin 
solution, and after drying coating again with a solution of nitrocellu¬ 
lose; when the double films are dry they are stripped from their sup¬ 
port, the gelatin surfaces brought together in a slightly moist con¬ 
dition, squeezed together, and thus brought into intimate combina¬ 
tion. The process, therefore, produces films composed of an inner 
double gelatin film with a protecting coating of nitrocellulose on 
either side, which will withstand tli^ action of developing baths with 
little tendency to curl. The inner gelatin layer reduces the cost of 
the film, the total diameter of which is about O.OOr) inch. A sensitive 
photographic emulsion, as described in a subsequent patent,* may be 


salt of a fatty hydrazine or hydroxylamine; when a collodion emulsion is used, 
formylhydrazinc may Ix) employed. The suhstanccs named may added to 
the emulsion before its application to the support, or an ordinary plate, film, or 
paper may be immersed in a solution of the suhstanee. T. liolas (U.S.P. 1)C44S3, 
11)10) make,s pyroxylin films for carrying photographic emulsions by treating a 
thin .sheet witli'a spray of solvent, supporting until dry, subjecting the dried sheet 
to a gelatinous solution to smooth it and reversing it upon the support to smooth 
the face of the sheet. 

1. U..S.P. 8Sf).SK:i, 1008; E.P. 10;i72, 100.5; abst. J.S.C.I., 100,5, 24, 108.3. To 
use the minimum of collodion, .J. Bounleaux {F.P. 401012, 1000) first coats with 
gelatin, then with collodion, the gelatin having previously Iwcn rendered insol¬ 
uble by treatment witli formaldehyde. For F. Rowell’s method of coating cellu¬ 
loid plates see U.S.P. 415500, 1880. For applying cartam prints to metallic sur¬ 
faces, see L. Favre, F.P.lSOIfl, 1880. 

2. J. II. Smith, F.P. 273006, 1007; E.P. 14.54, 1007; U.S.P. 023,589, 1909; E.P. 
10372,1905; abst. J.S.t'.l., 100,5, 24, 1083; 1907, 2«, 779; 1908, 27, .592r. The film 
process of F. thane is descriixjd in E.P. 10.393, 1889; that of G. Eastman, E.P. 19896, 
19897, 1889. According to the method of J. Findlay (E.P. 5948, 1904) a non- 
inflammable base or support for use in preparing “flat" or “roll” films for pho¬ 
tographic purposes may l)c prepared as follows: 7} k. of glacial acetic acid con¬ 
taining 90 gm. of chloral hydrate are warmed with 1 k. of mono- or di-nitrocellulose 
and2..5k. of clear, hard gelatin or glue until solution i.s complete. Eight 1. of a 
2% solution of equal parts of gum dammar and gum storax in 70% alcohol are 
then incoporated with the solution, and the mixture is poured into suitable molds 
or onto slabs. When the sheets or films arc dry, they are rendered non-inflam¬ 
mable by immersion in an alkaline solution of shellac, prepared, for example, by 
dissolving one part of borax and one part of shellac in 10 parts of water. 



CELLULOSE NITRATES IN PHOTOGRAPHY, EMUI5I0NS, ETC. 843 


applied to the finished film, and the triple film then stripped from its 
support. 

In removing a negative film from a collodion support, it has been 
found' that the ordinary nitrocellulose solvents when diluted with 
water to a certain point have no solvent action, but cause the nitro¬ 
cellulose to swell and become soft. For instance, if a “ film negative '' 
be immersed in a mixture of alcohol and ether each .50, and water 15 
parts, the film after a short time can be readily and safely peeled 
from the support. Fatty alcohols, ethers and acetone are suitable 
also for this process, provide<i the solvent is mi.sciblo with water. To 
separate photographic gelatin films from celluloid supports ^ the 
celluloid negative is soaked in a solution of one part of amyl acetate 
or acetone in six parts of water, which penetrates the gelatin film 
and attacks the celluloid support, thereby loosening the film, which 
may then be stripped or floated off onto a glass plate and dried. If 
“ enlargement ” of the film be desired, an acid, preferably citric, 
tartaric, or acetic, may be mixed with the above solution, or, the 
stripped film may be treated with the acid in a second operation, 
suitable chemicals being employed to preserve the density of the image. 

Of the various processes for reducing the inflammability of photo¬ 
graphic films, in addition to tho.se mentioned in Chapt(!r XIV are 
the methods of C. King and U. Jellicoe ^ which depend upon the incor¬ 
poration of sodium tungstate or alum, the method of G. i<’ry ^ in which 
formaldehyde-gelatin forms the support, and the more recent patents 
of L. Labbe and V. Pauthonier.® In the latter, waxed paper is coated 
with collodion and a film of gelatin is applied to it. One half of the 
resulting composite film is w.ashed with water to remove the alcohol 
and ether from the collodion, when it is fixed to the other part of the 
film and the whole hardened with formaldehyde. The complete film 
is then passed through an aqueous solution of albumin and glycerol 
(which produces a coating only on the washed side of the film), dried, 
and coated with a sensitive emulsion. The denitrated pyi’oxylin 
films have not given general satisfaction in the trade, due to their 
brittleness and lack of strength and suppleness. This is especially 

1. F.P. 23326fi, 1903. 

2. A Ban-att, Esher and A. Hull, E.P. 19H10, 1,S93. 

3. E.P. 2409.5, 1893; .sec also O. Fulton and M. (iillard, E.P. 230.59, 1,S99; M. 
Jollcs and L. Lilienfeld, E.P.11053, 1897; M. Bry, E.P. 24774, 1904; M. Bauer, 
E.P. 28284, 1902. 

4. E.P. 12818, 1902. H. Liittke (E.P. 2193.5, 1902) renders pyroxylin films 
pliable by the addition of 15-30% of trinitroclycprol. 

5. F.P. 381637, 1907, and First Addition t.nercto dated Nov. .5, 1907. To pre¬ 
vent. halation (Bremer Trockcnplatten Fabrik B. Klattc, F.P. 390,572, 190.8) tlic 
emulsion is applied to a .sheet of glass, celluloid, etc., deeply colored, c.g., green, 
by means of chromium salts. 
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noticeable in continuous films, the “ life ” of I'olls prepared from 
denitrated nitrocellulose being much shorter than if the nitrogen had 
not been abstracted. The processes of G. Wood,' G. Balagny,^ E. 
Foxlce,’' J. Acworth,^ H. Kuhn,® J. McDonough,® A. Huck and L. 
Fischer,’’ and 0. Moh, A. Hesekial and J. Gruncwald * offer nothing 
radically novel. 

After the .sen.sitiaed film has been exposed and developed, it is 
customary to protect the film from staining by contact with silver 
during printing, by coating with a 5 or 0 oz. pyroxylin lacquer. If 
the negative has received a collodion coating lo prevent frilling, it 
will be unnecessar}' to give it another.® All collodion films exhibit 
a tendency to curl and wrinkle, more apparent, in the longer k'ligths 
(roll films). This may be counteracted by coating the plain or uncoated 
side with a thin layer of gelatin, c\'luch lesults in producing a lilni 
much more tractable. Such films are designated in the trade as 
“ N.C.” (non-c\irling). .V photograph produced liy the collodion 
process is called a “ collodiotype.” 

Film Negatives. I’erhaps the most important use of film negatives 
is in connection with the preparation of a collotypi' printing plate, 
which requires a I'evei’sed negatic’c, such as may be produced b}' 
stripping a negative from a rigid support. Printing can thus take 
place from either side. While this reversal is ])()ssible by means of 
taking a direct negative with a reversal mirror, such nc'gatives are 
required to be made upon flawless plate glass in order to obtain flat¬ 
ness of field, or a lack of definition is apparent in the finished print. 
Again, in those instances where a number of impressions are printed 

1. E.P. 13131, 1830. 

2. E.P. 4178, 1S30. 

3. E.P. 3333, 1890. Patent Refuseil. 8ep piixlec, Brit. .lour. Pilot., .lune 28, 
July 5, 19, 2.S, Auk, 2, 1907. 

4. E.P. 13836, 1890. 

5. E.P. 6321, 1831. For machine for sprearlinK collodion emnl.«iori on paia'r, 
see Frenzel, Papier ZIk-, 1889, 24, 903; see also \V. Papierf., 1306, 37, 3330. 

6 . E.P. ,1,137, 1832. 

7. E.P. 17311, 1302; .sec lluKonr, I’.P. 392.10.1, 1307. 

8. E.P. 24750, 1898; for nuinul'acture of self-detaeliinK photoKvaphic lilms, 
see Soc. M. Bry et Pie, E.P. 31513,1, 1904, and First .Iddition tliereto <latcd .Nov. 
2, 1004. 

9. “Enamel (tollodion’’ compo.scd of seed lae, pyroxylin, other and alcohol 
iias been recommended for this purpose. .Another f(H’mnla is: .Alcohol (sp.ar. 
0.82) 48 oz.; ether (sp.gr. 0 72) ,84 oz ; pyroxylin 1 oz.; castor oil 10 minims. For 
protluction of ornamental designs (311 windows, carriaKC lamps, etc., by means 
of enamel collodion, see D. Scotellari, E.P. 37,13, 18,80. M. Frank (Wiener Mitth , 
1907, 399; O.A., 1908, 2, 512) Kires five formulas for protective noKUtive varnishes, 
of which the following “zapon” formula is typical; 70 cc. amyl acetate, 70 cc. 
benzol, 35 cc. acetone, 2 gm. pyroxylin, “For Varnishing Celluloid Negatives'’ .see 
Jour, of Phot,, 1892, 39, 11.1. “Transfer Oollodion” consists of alcohol 10, ether 
5, pyroxylin J, castor oil i (all oz.). “Leather Collodion’’ is 2% collodion 100 
parts, castor oil, 4 parts. 
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upon one collotype plate, the varying thickness of glass negatives 
would render the woi'k difficult if not. iiupo.ssible to obtain “ shai'pne.ss ” 
and uniformity of outline. Another point in favor of film negative,s 
are their flexibility, ca.se in storing, and ready transmission from 
place to place. 

A film for collotype printing .should be free from bi’ittleness, uni¬ 
form in thickness, and the <piality of the negative must not be affected 
by the method of removal from the glass. I’llnis may be used in any 
process whei-e perfect contact between negative and rigid printing 
surface is possibh;, and is especially useful in printing upon zinc or 
(;opper when the metal is to be (:t(0i(sl. |tilm negatives ai'e best 
stored in dust-proof boxes in a dry pUu'e, laid flat and sepaiate.d by 
smooth papei’. 

Stripping Collodion Negatives. ^Vhen thoroughly dry, soak 
with 2' ,'. India ruliber in benzene, then dry, and flow with a pyrox¬ 
ylin .solution in etpial volumes ether and ale.ohol, to which has been 
added 1% castor oil. The negative is cut around, soaked in 10',',' 
aipieous acetic acid until the film can be lifted, when the negative 
is sti'i])ped off and di'ied without wrinkling. Mawson and Swan 
have introduced the “ hot os stripping film,” for .stilpping collodion 
negatives. After the plate has las-n throughly cleaned and the nega¬ 
tive niad(', a i)ieee of “lotos” film is soakc'd in a dish of cold water 
in contact with the collodion negative. After a lew minutes, the 
negative and film may l)e lifted out togethei'. After draining and 
warming carefully in order that the gedatin in contact with the col¬ 
lodion film may licpicfy suHicamtly to become adhesive, the film is 
iliied. Finally coat with ])lain collodion, cut .around the edge and 
strip. Hoy's method of strip|)ing from glass or celluloid is first to 
hai'den, for fi'om five t(i fifti'en minutes, the negative in a dy,', 
foimaldehyde solution I'ontaining 2'’; glycerol. Hin.se thoroughly, dry, 
cut through the gelatin all ai'ound and soak in 20% crystallized 
sodium cai’bonatc for fifteen to twenty minutes. Next immense in 
1hydrochloric acid until the film comnumces to detach, the latter 
being tin'll transferred to a clean gla.ss plate and cautiously dried. 

Continuou-S Photographic Films. These do not differ from 
shi'cl films preiiared in the manner just desciibed, except in the 
mechanical arrangements, and since roll-film photography, and the 
growth of chronophotography (“ moving pictures") has recently 
developed into such prominence, the various meritorious methods 
which have been pro[)osed from time to time will be described some¬ 
what in detail. As in other branches of the nitrocellulose industry, 
development was hampeied by a lack of suitable solvents, and this 
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was conspiFUous.y apparent in attempts at protiueing continuous 
pyroxylin films. Wlien Stevens patented amyl acetate in December, 
1882, this opened new possibilities in the pyi-oxylin lac(]uer and 
imitation leather industries, as has been notc'd, and rend(U'ed their 
advancement swift and sure. The Celluloid (\)mpany in Newark 
formed a Kry^stalline Company to exploit the possibilities ofnined 
up by the rc'cognition of the value of amyl acscdiite in conjunction with 
cellulo.se nitrate, and it is not surprising, therefore, that probably the 
first person to make and patent a satisfactory continuous photographic 
film, should be a citizen of Newark, Rev. Hannibal Goodwin. Many 
patents had been issued * to Goodwin for the formation of photo¬ 
graphic plates and surfaces, from which it appears that Goodwin’s 
knowledge of photographic processes and technictue was extemsive. 
He filed in the U.S. Patent Office on May 2, 1887, an application for 
a “ Photographic Pellicle and Process of Producing Same,” which 
was held up until September 13, 1898, and was then granted as U.S.P. 
010801. The object of Goodwin’s invention is clearly set forth as 
intending to primarily provide a ti'ansparent sensitive pellicle better 
adapted for photographic purpo.ses, especially in connection with 
roller cameras, and he claims to be the fust to produce a continuous 
cellulose nitrate film, basing his assertion on claims 0 and 10 of the 
patent above referred to,^ liis process admitting “ of its being made 
in lengths of indefinite exten.sion . . . and of length sufficient to receive 
a multiplicity of impressions.”^ No mechanic.al method for prepar¬ 
ing such plurality of coats and in continuous lengths is given. 

Two years after Goodwin had filed his apidication, and nine years 
before his patent was granted—and hence nine years before Good- 

1. U.a.P. 444051, 444052, 450136, 4.59137, 1892; 500124, 1893; 6006SS, 010308 
1808; 670277, 1001; 700140, 1002 ; 517275, l.SOI; .570728, ,574147, 1806. Beirin 
a resident of Newark, pre.sumalily (ioiHhvin scon bean! of the value of amyl acetate 
as a solvent. Important connecting point. The discovery of amyl acetate ren¬ 
dered possible the manufacture of an acceptable continuous photographic .support, 
and Goodwin patented a photo support which utilized the valuable propertie.s of amyl 
acetate. 

2 . Legally, it has yet to be decided finally as to the priority of Goorlwin's patent.s, 
applied for May 2, 1887, granted Hopt, M, 1,S!)8, .Serial No. 236780, or 11, Ueich- 
cnbach’s patent, a[)f)licd for April 9, ISSt), granl.ed Dec. jO, 1889, .Serial .No. :i!l6.575, 
but the art would he unaffected, irrespective of the outcome of any litigation. 
Goodwin mentions the use of amyl acetate and apparently realizes the immeiwe 
importance which water plays in the formulas for making the films. He com¬ 
bines the solvents and nun-solvents in such a manner that ujion evaporation of 
those solvents (methyl and ethyl alcohol with other or acetone) of lower boiling- 
points than water, with those of higher (amyl acetate, nitrobenzene) there is suffi¬ 
cient of the non-hydrous and non-hygroscopic elements present to remain until 
all traces of water have l)cen expcllccl from the harilening film. He riistinguishe.s 
lictwecn “eventual" and “final” solvents, as those still remaining after the evap¬ 
oration of the water, as distinguished from the “hydrous” solvents which escape, 
leaving the water Inihind. 

3. U.S.1’. 610S61, 1898, lines 20,5, 206, 209, 210. 
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win’s process became public, Hciiiy M. Kciclicnbach of lloehcster 
patented a process for tlic manufacture of flexible photographic 
films and continuous lengths, and apparently so far as Reichenbaeh 
was aware, he was the first in the United States in this field. He 
discovered that the addition of a small amount of fused oil to ether- 
alcohol and other light-boiling solvent mixtures, w'ould prevent the 
opalescence and pitting of the films during the dry piocess, wliich 



Fin. 2(il. Fin.2f.2. 


The Roichenb.ocli Method of ManufiieturiiiK Flexible Photographic Filma. 


is due to the presence of water, either fi'om an accumulation in the 
solvents, or precipitafion from the atmosphere.* The spreading 

1. U.S.P. 417202. ISSO; tlie best result.s were obtained when the film solution 
was prepared in about the following proportions: DOUt) grains nitrocellulose and 
5400 grains camphor is dissohed in 112 oz. methyl alcohol, and to the solution 
is added 2S oz. fusel oil and 7 oz. amyl acetate. He found that if the fluid solution 
is applied directly to the perfectly clean surface of a glass plate, then dried while 
still upon such surface, then coated with gelatino-argentic emulsion and again 
dried, the photographic film will, when dried, be found to adhere so firmly to the 
rigid supporting-surface that it can be removed only by the application of con- 
sideraiilc. force, sometimes resulting in the tearing of the photographic film, or 
stretching it une(|ually, so that it will buckle and be unfitted for use in roll-holders 
and for negative-making. , , . , . 

To facilitate the sub.sequent removal or stripping of the completed photographic 
film, the surface of the rigid supporting-surface is rubbed with a very weak solution 
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HIS 

of the fluid solutionis shown in Idfrs. 2(11, and 2(12,' embodied a glass 
or other ligitl supporting surfaee with a traveling earriage carrying 
a hopper fur the fluid solution and a si)reader. Ueichenbach inad(! 



J'u;. —TIk* Rciclienhach Method of Mamifactiiriii;; Id(‘\il)le iMiulo^^rupliif Idliiis. 

distinct advances in pr(‘paring continuous tilnis, as reveah'd in his 
r.S.r. .590031, JS9S, and 019017, 1S99, the latter being specialh 

of mineral wax in benzine or other suitalde snlvenl, or a weak sohiti<in of heos- 
wax, or with any other eciuivalont agent to produce tin* sjime n'sult, lieton^ sfu’eading 
the fluid solution upon the sujijjorting surfaee. In endeavoring to overeonu* tlx!; 
tendency to “pitting” or tlie fonnatioii of initml** llole^ in the film <luring drying, 
Reiehenl)ach and S. Pasavant (t’.S P. toStitllt, IShl) liave j>aterited tin* use {)i 
the distillate obtained from rectifying fn.sel oil in (he pre.sene(‘ (d zinc elil<n-ide 
and hence containing amyl chloride. Their preferred formula for films is oblaiin"! 
by dissolving 22 parts by weight of nitrocolluloso and Pi parts by weiglit of cam¬ 
phor in 94 parts r>y weight of wood alcohol nrid parts ol (he distillu1(* obtained 
as above describe<l. The solution, which is of flowable viscosity, is spreail upon 
the film support as described in IPS.P. 417202. 

1 . In the drawings, 1 is a side elevation <jf the spn‘ading device. 2 a plan view 
of llio .same, d a section on the line .‘5d of J. la side <’levjilion .sljowing the means 
for moving it, 7 a longitudinal vertical seeticni f)r a ensing witli eonduil leading 
therefrom, and 6 a transverse .section of 7. Reielienbaeh divides a eoinj)Iel(' j)lio- 
lographic film into the “film support” and the “emulsion” applied to the film 
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adapted to tho coating of ptiper. In r)99()31, lie rcvoj’se.s the method 
doscrihod in his jirevious patent, in that instead of maintaining the 
sheets in a stationary position and causing the hopper to ti'avel over 
them, the liopper is made rigid, tlie sheet, in ciixnilnr form, passing under 
the spreader, thus preparing films of any lengthd The aluminum 
sheets being continuous from end to end obviated the difficulty 



Vui. lili-l.—The Reichcnhacli Apparatus for Manufacturing Photographic Idlms. 

formed liy tho joints at the ends of glass plates. The ajiparatus is shown 
in Tigs. 2()3, 264, and 265A’ In (>19617, shown in Fig. 266, a. method 

support. -1 (losignalos in the drawings a rigid supporting surface (a Khcot of plate 
glass) across and ahovo which is a carriage /i, mounted upon guides or upon 
the ojjposite o«lges of A, and is caused to traverse longitudinally tl)c polisned 
s>irf;ice l>y means of the chains l>elts h. H is provide<l with the hopfjer (' carry¬ 
ing the ]>yroxylin solution, the adjustable gate or valve D controlling the volume 
('f soliaion/lepositod upon the plate in a given tirm'. by means of the spreader 
E 'j’lie sal>sot|ueut s(‘nsitivc gelatiiur-broniide emulsion may be spread on tho 
film s\irfacc afterward in the same manner, thus making the photographic film 
complete. 

1. U.S.P. is also K.P. 44to, 189S. The film was <leposited upon alu¬ 

minum sheets of 290-200 feet in length. In the method of ,1. Swan and J. Leslie 
{10.P. OSOit, ISOO) tho nil rocollulose solution is distributed <mto paper by means of 
a machine, the paper having previously U’en coated with a layer of gelatin or other 
substance unaff('ct(Kl by nitr*ocellulose. It is then caleiuhnod in ordc'r to give a 
high polish. After coating, the flexilrle support must be kept level until the solu¬ 
tion sets, when it may be hung up to <lry. 'Phe film is then stripped from the 
support, the emulsion being jdaced on the film either before or after stripping. For 
“I'dlin Drying Machine” sec I'. Thompso[i, U.S.P. OolKJoO, 070072, 1010. 

2 . 1 is a plan view’, 2 a side elevation of 1, 3 a detail vie*w represeiiling the 
bracket for the cariying rolls, 4 a side elevation of the carriage, 5 an end (devation 
of .same, (> a side elevation of a fiortion of (lie gears employes! for feeding the sheets, 
7 is a plan view of portion of 0, S is vertical section of siinn', 0 is plan view of car¬ 
riage, 10 is side view of the polishing and preliminary coating device, 11 is partial 
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of coating paper in eontinnous lengths is described which substantially 
is the preferred method of the prcsetit time. The usual experience 
with coating mindimes demonstriites that it is desirable to subject 
the coated paper to as litth' tension as pos.sible until it becomes set, 
whether the solution deposited is nitrocellulosi', winch hardens by 
solvent evaporation, or gelatin, which solidifies upon cooling, for am- 
longitudinal strain has a tendency to foi'in wninkles or flutes in if. 
This is es])ecially so where, as in manufactuiing pliolographic pajiers, 
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Fin. 20.').—The Reicheiil)acl) .Apparatirs for MjinufaetnrinK Photograpliie Films. 

it is desired to seeui'o the maximum unifmmity of coating. In the 
operation as usually pj-acticed, the strain of feeding the j)apei- jii'o- 
duces -wrink-les or flutes which extend in various directions along or 
acro.ss the paper, forming hollow's int.o which the fluid coalings I'un 

plan view of 10, 12 is .a tran.svorsc section of simp, l.S is a side view of tlie celluloid 
coating device, 14 is partial plan view of Ki, 1.5 i,s transv'orse section of same, Ifi 
is a.side view of the emulsion coating device, 17 is a partial plan view o. Hi, 18 
is transverse section of siime, 19 i.s side view of stripper, 21) is partial plan view 
of same. From the above iflustraled mechanism, it follows that tiic ai)|)aratus 
coin[)rises two chaml)ers arranged to fonn a central passiigc between them, suitalile 
shect.-feeding devices arrangral one above tlic other in tlie chambers, correspond¬ 
ing series of clutches or disconnecting devices, and a suitable vertically-adjustablc 
coating device in the passage. 
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and produce irregularitios in thickness. In order, therefore, to advance 
the paper while under as little tension as pos-sihle, lleichenbach has 
constructed his machine so that the paper is fed forward by its own 
gravity while on its ivay from the coating mechanism to the looping- 
slat of the hang-up. For this purpose the coating mcchani.sm and 
carrjdng holder above it, are located at an elevation relative to the hang¬ 
up so that the descending paper from the carrying rolhu overbalances 
the paper traveling uj) from the coating mcchani.sm and draw.s it along 
until delivered to the looping-slat, as .sliown in the drawing mentioned 
above. The mechanism is arranged to operate with the minimum 



Fm. 2(i(;.—Pyroxylin Coafinn of Paper (Roichenl)acli). 


friction, the paper lieing unwound from the .st.ock-roll and fed to the 
coating niechanisni liy feeding roll('i's.' i'he stock-roll of uncoated 

1. In tile drawings 1 is a central lotiptudinal section, framework omitted, 
2 ln'ing a partial pcrs|Kictive. I'lie inventor found in iiraetico that a few ounces 
preponderance in tlic ihweendin); pajicr will pull the ascending paper along urifl 
will such a gcullc continuous strain that it remains practically smooth and flat, 
thu.s making the coatings more regular and uniform. 

'I'lio rnacliinc patciitcrl by G. Pifer (K.P. 2H7r)0, 1!)()7) for coating paper with 
photographic cniulsioos, is consirucled in such a way tliat tlie paper itself forms 
the constantly moving bottom of a trough containing the coating medium. The 
well of pa^MT pas,ses over a ft'ed-drum, an<l a ilclivery drum, .so that the loop of 
pafKir lietvvccn llio two ilrum.s forms a trough. The ends of the trough arc closed 
hy rotating iliscs, against wliich the edge.s of the paper are pressed by endless guide- 
bands. The ([uantity of coating applied to the paper depends on the fluidity 
of tlie composition, and the speed of the paper. Tlie movement of the paper pro¬ 
vides a constant agitation of the coating material, and this is kept at a uniform 
tcmjicraturc cither liy means of a hot-watcr liox immersed in the emulsion, or 
hy an extcrnid hot-watcr hox on the under side of tlie ])a|)er. If the coating is 
to 1 h! ai)pti«l in strips, intenneili.itc discs or cylinilcrs arc arranged lietween the 
two oml discs. 

A procc.ss for glazing paper for n.se as a temporary support, for photographic 
films liuring the manufacture of the latter has Ih'cu patented (I'M’. :i!);il)27, IPOS) 
by L. Labile anil II. Ferret. Strip.s of paper or linen arc treated with a solution 
containing 5 gm. of celluloid in 100 gm. of acetone: the strips are then dried and 
coated with a varnish consisting of. a mixture of .W cc. of iietroleum spirit and 
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paper I, passes through tlic pulling rollers BP', whieh unwind it, ove; 
the guide I’oller C, and driven feeil I'oller IJ, which delivers it to tli ■ 
coating roller E, partially submerged in the nitrocellulose solution 
placed in 1. After coating the pajri'r passes over the u))]x;r idle, non 
driven carrying-roller F, and thence to the looping chain devier 
shown in the drawing. 

An important apparatus for producing pyi-oxylin sheet.s in con¬ 
tinuous form is that devised by ,1. II. Stevens and M. V. Lefferts ’ 

50 pm. of a paste prepared by grinding together white copal and boiled linseed 
oil. When the varnish has dried, a coating of gelatin is applied; this is |)rcpared 
by tlissolving 10 gm. of gelatin in 100 cc. of hot water, adding 4 cc. of glycerol, 
and then, immediately before u.se, 0,5 gm. of euher fonmvldehyde, i)()las.sinm 
hirhromale, or aluinimim acetate. I'inally, a coating of a .■-ohilion of 10 gin 
wax in 100 cc. of alcoliol is applied. 

1. U.S.P. .57ii02S, 1800. Witli unimportant rermomonts, this incthiHl is used 
at the present time to produce large (piantities of iiilrocellulose iiud cellulose ace¬ 
tate films ill the United States. The dianielei' of the large Hlicel is aliont 12 ll . 
the width of its periphery ahout 00 in. These drums are eomsiruetcd with 
steam connection like a hollow calender roll. First a heavy iron cylinder is 
taken and machined us round and smooth ns possible. This is theii eleolro- 
lytically copper plated cm the exterior surface. The siirfiiee ,s ag uii muciiinc 1 
to make it true, after which it is nickel- or Icrman silver-jiiuted of the maxii i uii 
thickness (ahout O.OOt in ). Finally it is poli-heil as snioMth as prissilile. In the 
preiiai.ition of modern enntimioiis photo.traphie films, tlie points take’' inlo eoii- 
sidcration are as follows: I) The cellulose nitrate nr ae late sliouli! !s' c.iiefiilly 
paper filtered, preierahly through filter presses, hi order to renio\c all traces bf 
in.soluhle matter,-which would appear cimspieiioiis upon magnifying the film when 
thrown on the screen. It is customary to make up the solution and allow il to 
■settle for from one So three weeks liefore liltnilioii, in order for the finer particles 
to coalesce and thus remlcr elarification by lillralion more ne.arly ahsolute. The 
clarification devices nieiitioiied in Chaiiter IX are appliealile in tliis instaoce. 
After filtration, the solution should be left, imdi.stmix'd for aiiollior week in order 
to eliminate air bubbles by giavity. This is an important sle|) in guarding against 
the appearance of pin holes not due to rapid evaporation oi, solvent. (2J The 
solvent,s and non-solvent liunids in the jiyroxylin formula should lie so adjusted 
that at all ]Kiriod.s of the evaporative process there is tlie projx'r prcpionderancc of 
high-hoiling cellulose nitrate,solvents, to piard .against the partial preeipilation of the 
pyroxylin from an aceumulatiou of moisture, and to sustain the proper eipiililiria 
between water, non-solvent and .solvent, so that the temperature of evaporation and 
the speed of volatilization will Ixj such as to produce a smooth integument, free 
from hliins, pin holes, excre.scences or bubbles. (2) Tlie viscosity of the pyrox¬ 
ylin solution sliould he so adjusted that taking into consideration the diameter 
and speed of revolution of the coating wheel, the collodion, while still sutliciently 
tlowahle, shall set or jellify before it runs or disl-orts from the force of gravity. 
Variations from this normal vi.sco.sity can Ixi parlially adjusted by the .speed of 
the coating wheel, hut not from adjusting the widtii of the ajK-rture through 
whieh the collodion flows onto the wheel. Any dislurhanee of the latter changes 
the weight of pyroxylin deposited on a unit area of the wliccl, and lienee tlie tliick- 
ness of the finislied film. (4) The width of the aperture admitting the collodion 
to llie wheel may be so adjusted as to produce a pellicle of any desired diameter, 
from one almost intangible to several nimdredtbs of an inch in thickness. Tlie 
aperture is usually regulated by a fine wheel, which may have a micrometer gauge 
attached, when with a given spectl of coating wheel, llie diameter of the firiisheil 
film may Ixi delermiiied in ailvancc. (.5) The hardness of the film at the time 
when stripped off from the wheel, is modified by the speed of revolution of the 
latter, and the temperature of the interior steam chest. By intelligent manip¬ 
ulation of the above five-named factors, modern continuous nitrate and acetate 
films are produced. Where cellulose acetate films with acetylene tetrachloride 
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and patented in lS9fl. They realized the fact that the great advantage 
(if u.sing gla.ss plates for the preparation of photographic films, was the 
fact that the smoothness of the glass coupled with the fact that it 
was unacted upon by acidity in the pyroxylin, caused the film to be 
as smooth when peeled from it, as the surface of the glass to which 
it adhered. By special methods of neutralization and the use of ant¬ 
acids as described in Chapter XIV, entirely neutral films were possible. 
They substituted for the surface of the glass a smooth metallic surface 
and as an additional novelty, the surface of metal was in the form of 
an endless band or belt, upon which the pyroxylin solution is spread 



and dri(‘d wliih' the belt is in niolion, and then shipped from lire b(it 
bef’ia'e it has made a ramiplele I’evoliilion, thus furnishing a means 
of ])roduiing eoiilimious sheets of great H'gularity and rapidity, and 
of piaetically urdiniited length. They also a(teni])ted th(‘ recovery of 
llie evaporated solvenl.s willi a conimercial degree of success. The 
apparatus employed in carrying out tlie process is shown in Figs. 
207 and 2()S.' Tlie endless belt Eli oi' the wheel .1 is set in motion 

is used as the solvent and ))lnstic, tlio revolutions of the coating wheel and tem- 
jM'iallire' of Siime are- .so ndjusle'd that a prcilntcrminnel amount of tetrachloride is 
lelt in the tilm, to thi' presence of which the latter owes its flexihility and plas¬ 
ticity. The ei'llit films (('hapter XIX) are t reated in an analogous manner to celluloid 
films already de.serihed. 

1 . 1 is a longitudinal .sectional view of the apparatus, 2 a plan view of tl.e 
sanii', ti shows a modification, and 1, a. (i show enlarged iletaii vii'ws of the hopper 
II. Tlie endles.s bell KH is made jircferalily of (lermati silver or niekel-plalpil cop- 
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ill tlui direction indicated liy the arrows in the drawings, and the hop¬ 
per II kept filled with the pyroxjdin solution, the diameter of the slit 
at till' bottom of the hoppi'r, being ri'gulated so as to produce a film 

jicr, placed around the pulleya PP, from which it receives its motion. The belt is 
supported and prevented from sagginj; by the use of idlers. In 3 a modification 
of tlie apparatus, is sliown t)y passing the endless ])elt around a large pulley or 
wheel .1, or using the surface of such wheel itself, i/ is a hopper containing the 



Fia. 2r>8.—The Stevens & Ijcfferts .\pparatus for Producing Pyroxylin Sliccts. 


pvroxylin .solution, and open at its bo) tom at a point directly over the belt, or wheel, 
tlie size of tlie orxuiing lieing varied a.s desired by raising or lowering a plat.e d within 
the hopper by means of tlie handle n. The thickness of the .strip of the solution 
wliich is flowed upon the wheel or licit i.s varied by means of a scraper A, which 
is moved to and from the liidt by finger-screws m and clamiied in i«)sition by 
tliiimb-screws 1. Scraper A* is composed of rigid material softer tlian tlie surface 
of the licit or wheel to avoid abrasion, and is in contact with the licit or wheel, 
so as to prevent the spread of solution in that direction. 4, .5, and ti show enlarged 
views of hopper 11, with the plate d and scrapers h and Ab Sli is a .stripping- 
roll for stripfling the pyroxylin sheet from the belt or wheel, whence it passes over 
the drying-rolls DR. ,, , , . , 

DR is a series of rolls of smooth or polished metal, capable of being heated 
or cooled by steam or water-pipe attachments, p 2 and 3. These rolls can lie replaced 
by any curved surfaces, such as half-rolls, or cloth- or paptir-covered rolls can tie 
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of any given dianietei'. The thickness of the film formed is goveimed 
ly (ii) total .solids and viscosity of pyroxylin solution; (It) diameter 
of slit in H; and (c) sjx'ed of revolution of the wheels P governing the 
speeds of the belt being coated. The belt is preferabh' of such length 
and ti'avehs only with such speed as to permit the solution to part with 
sufiicient of the solvent to become set or too stiff to flow before it has 
left the hoi'izontal position and begun to piuss over the first pulley to 
which it comes. The employment of the wheel is limited to those 
ca.se.s where the solvents are sufliciently volatile to permit the spread¬ 
ing surface to set quickly, so that the absence of hoi'izontal positions 



I'n;. — Pnicc^' iil' .Makias .N'ilrdcclliilosc Slicot.s (F. .tiitlioiiy). 

will not cause irreg\ilarities in the dried sheet by the flow of the 
pyroxylin sohition.' 

UM-il iiiid fv^^li^ll cxcclloTit means for dryin)'. Priivklcd the lialf-roll.s do not offer 
too cmt'li I'netion for tlie pasMifte of the film they will do fair work, hut the revolv- 
mr-i rolls or wheels are |)referrod. 

U7f i.s a wiiidmu-roll upon which the sheeti of cliy pyroxylin compound can 
he wound. This windint'-roll may consist of a .simple spool of wood or oilier suit- 
ahle material arranged so that it can he detached from the shaft .S, carrying with 
it the pyroxylin sheet P.S' wound upon it, thus fumisliini' a convenient coiv. 8co 
Henry Parkes, E.P. IStiti. lS7t). 

t The s]>eed of the helt oi wheel, aicl also the flow' from the hopper, should 
lie so reitulaled that the sheet will have heconie sufficiently dry to he .stripped 
and )>assed over the drvine-rolls heforo it has made a complete revolution with 
the Ik'II or wheel ttnd hefore the portion of the belt to which it adheres reaches 
the ho|iper. 

The strippini;-roll Nff outtht to lie of small diameter, preferably about eiKlit 
inches, of siiai);hl face and smooth surface, and to he parallel with the face of the 
helt or wheel. This strip|iing-roll performs the important fuiietion of pulling 
the film from the wheel with an even tension, and is preferably placed very elo.se 
to it. so that the fibn will he stripped immediately after passing under the stripping 
roll, and on a line with the cculers of the roll and the nearest pulley or the wheel. 
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In the Inter prorcss of F. A. Anthony' and shown in Figs. 261) 
and 270, tlic nitrocellulose (“ paroxylin,” “nitrated tissue,’’ “ cellu- 
lotrinitrin ”) having been dissolved and reduced to the desired state 
of liinj)idity, is placed within the coating trough c of the machine 
and the upper trarae of the traveling carriage is swivc'led to such angle 



Fu:. 270.- - of Milking \il rocollulo'J'* Sll 00 t^ Aiillioiiy). 


relativi' to the idane of llii' surface of tin' drum as is nsjulsite to wind 
the succt'ssive convolutions of the labric snioothly and 'pirall" u|ion 

This prevents slretehinp: nr distortiiif: the tllni liy reiisnn nl its lendeiioy In leiivc 
llie wheel nr belt irrejrularly and not on a liie* parallel with ps iaee I Ins strip- 
piiitr-rnll i.s preferahiv arranged so as to revnive with the stripped (ilni, in older 
In keep the sheet straisht, but it wimld jicrform the same lunelinii d (i\e I, but 
with more Irirtinii and daiiirer of stretehinj; the him. In tlie latter ease any eur\e 1 
surface would answer in place of the roll. 

iHy the (irviiiii-roll.'! J)li in siiol) «i iiijinncr lliiit the freshly 

s'leet is liroupht sticcessivclv in contact with rolls of ciinslanlly increasing tem¬ 
perature the residues of voliitile solvent arc driven off very rapidly, and economy 
in lime is effected, and the capacity of I bed rivinu-belt or wheel also crcally increased, 
for it iias been foniid that by mairihiiniiif' a tension upon tlic sheets, while they 
are in contact with heated rolls the evaporalion of the solveni Iroiu the corniiouu I 
on the wheel need only to be carried to a point where the solution will have liccomc 
set in the condition iif a mmlcratcly soft sht'ct, which can then be stripped and 
passisl ol'cr the dryinjr-rolls. Tn all eases it is preferable to attach a snfficii'nt 
Icnalh of cloth to the ends of (he sheet, so that it ctin be held tani and led around 
or licl 1 back while pa,ssine around Ihc rolls or while beirif; wound upon the spool 
or windint:-roll If/f. The last one or more drying-rolls over which the shoot passes 
arc preferably of a lower temiicrature than the others, in onlcr to cinll the sheet 

lief ore it is reeded upon the win-dinn-roll IF/f. 

In using cloth-covered rolls the drying may be ilone in the air at ordinary teni- 

rjeratures or in specially dry or slightly heated air, _ 

1. U.S.P. 720014, KHlii. In the drawings, 1 illustrates a side elcvetion ot the 
mechanism, 2 a horiziintal sectional view of 1, taken on the lines 2, 2; 3 a Iran- 
verse sectional view of the same, and 4 a pcr.siiective view of the coating meclian- 
ism and adjacent guiding frame whicli coacts with it. 
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the drum so that they will not overlap, but will lie properly adjacent 
to one another. The roll of the web or fabric of such size—i.e., width 
and length—as dcsii'cd is then supported upon the axis of the brackets 
T of the carriage. The web may be of paper, cloth, or compo.sition 
fabric, or it may be a coil of thin metal. The arms ff, which carry 
the coating-roller h, arc then bj- the proper manipulation of the little 
shaft I lifted, so that the coating-roller does not t{)uch the surface 
of the solution in the trough r. The end of the web is drawm off 
from the coil U and passed over the guide-rollers ce, thence under 
the guide-rollers re, and attached in any suitable manner to tlie drum, 
pr(‘feral)ly near its left-hand end, all as shown in 1. liy the turning 
of the little shaft, I, so as to pei'init the descent of the ai’iiis ff. the 
coating-rolh-r is hovered until its under arc engagx'S with the solution 
in the trough r. Tin* coi'd r is also diinvn off iroin tlie spool p and its 
(>iid attaclu'd to the sui'faee of tlie drum close against the forward 
edge of the web or stiip of fabric. The di'um is slowly rotated by the 
movement of the pover-conveyuig belt L. The levolution of the 
drum jinlls off the web from th(' roll U, thence over the guide-rolls 
('(. under the coating-roll where it is coated with the solution in the 
ti'ough, thence up over the guide-rolls re, and, finally, it is vound 
upon'the surface of the diaun in a spiral inannei', as shown in 
1. the' cold r being simult.anc'ously wound spiiadly around the drum 
1 etween the adjacent, edges of the several convolutions of the wi'b,' 

1. In iii'dor dint tlie sliccl nr film (if iiitrcirclliilosc may ho strippoil frnm the 
lalii'ip apiin vliiclt it vas iiiadc, llic cml of tlic well shiiuld be cimdiictol fniin the 
iiiachaic to a Ucticc fur ^lllplllllu the lilni mi llial Ilic (ippralimi will In', in cllcct, 
a cllntinmMl^ one, and tlic imihIucI willi du' iiitrocolltilo,'C film or sheet .sepnrateil 
iiinn die web cHV'etively pii"i'i-\('il, so tliiil it will not be liable to injury. Tlie 
cml (it die cord r should' be iliseomiccted from tlie spool p, whieh supports it durins 
ll'.e M'eoiidary operation of die maebine, after the dryinp; of tlie Him, and after 
d.e lenioval of die coated well from the drum. The eord may be again wound 
upon die spool after tlie seeoiul operation liy tlie u.se of die hand-wheel .s. 

'I'l.e surface of tlie web may be trealed witli slarcli, paraliiii, wax, or oilier 
meU'iials ost'd for the ]nirpose of regulatiiift the adhesion belwet'll tlie nilroei'llu- 
lose sohilien and 11 e web. 

.\fler die film of nilroeellulose has been stripped from tiie well it may be iiassod 
tlivounli die maeliuie for the puriiose of liavinn a iilioUigraplucally-sensiiive eoatiiig 
ajipiit'd to its suriaet'. 

Tlie following features pertain to lliis iiroeess' When tlie dissolved nilroecl- 
luiose is spread iijiou the web and eouiiiK'iiees to dry, it lias a decide,! tendency 
to confrael lalerally, thus tc-ndmi; to purl up the cdfzes. The prpsciiec of tlic scries 
of guide rollers cr on the traveluii; rack and llieii' ilispo.sition in siipli manner dial, 
the well makes an aiifile or bend at each one of tliem, as illustrated in 1, and 
partievilarly at the unper one>. by w’liieii time tlic drying operation lias advanced, 
tends to liold the well down tint and properly giiide it upon the drum, upuii wliicll 
tlie strain due to friction eiuises it to b(‘ drawn suuftly in place. By tlu' employ¬ 
ment of tlic cord r liotweon tlie adjiu'cnl edjres of the convolutions of the web when 
upon the drum, uniformity in the tliickness of tlic coating is secured, wliieh cannot 
run off aidewi.se, thus tending to thin the coating .at tlie edges, Ixicau.se tlic cord 
acts as a dam, preventing sueli lateral flowing. This cord also )>revcnts the .smear¬ 
ing of tlie face of tlic drum and the .sticking together of tlie adjacent edges of the. 
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wob, whicli might rcs\ilt in rupture of the coating during the act of removing the 
coated fabric from the drum. 

The process of R. A. (not F. A.) Anthony (U.S.P. 735486, li)03) consists in 
applying a flexible pholograpliic film embodying a sensitive layer applied to one 
side of a nitrocellulose support, and a protective layer of colored, insoluble gelatin 
or similar opaque material, detachiibly attfichcil to the opposite side of the mount. 
In the patented process of T. H, Blair (K.P. 5504, ISII.I; abst. J.S.tbl., 1894, 13, 
C5i>; LSlt"), 14, L’itS) a slowly revolving drum with a slightly roughened surface 
is usc<l to receive the substance forming the substratum of the film. This sul>- 
stanco i.s applie^l by means of a hop[)er with a narrow opening of about the ulti¬ 
mate bieauth of the film. From tlie drum the material i.s carried over bands, 
rollers, etc., until suHiciently dry. After that it (uiters a dark cham!)er, where 
it is dipped in the sensitive onmlsion, then cooled by a blast of cold air, ainl finally 
wound on a reeling apparatus consisting of a shaft provided with an apron, upon 
which slats or bars w’itli projecting jmrtions at the emls are fixed in such a way 
as to prevent the second layer of film and apron from touching tlie former, and 



Fio lUl.—The Tliornt<ui Film Coating .\pparatu> in which the sensitive emubi(tn 
if' <lej)osited in a f»luralily of tliin coats, so a' to obtain more uniform 
d(‘po-ition. To oi)vui(e wrinkling and curling the liack of llu‘ film lia^ a thin 
layer of gelatin attached In order that a sulw^iiuent coat may not cut into 
tli(‘ next jirexiou" one, tlie film is subjected to a iihif't of hot air after ilepositing 
each emuLion layer. 


allow sufficient air space. The film is tlnis held unrler suitable tension until it 
i.s dry and jcady lor us(‘. 

In tlie method of J. Acworth (F.P. 8S:36, abst. d.S.C.T., I.s9], 10, 798) 

a band of American cloth or other suitable material is coaled with a strong solu¬ 
tion of gelatin or isinglass, containing glycerol or some similar compound to make 
it pliable. When the film of gelatin is tlry it is slrippe*! off the supfiort and wouml 
on a rol.er. The film is then ])asseii through a solution of jiyroxylin, which makes 
it waterproof or nearly so on both side.-<. The })yroxylin .solution contains from 
8 -pyroxylin dissolved in a mixture of amyl alcohol and amyl acetate, d'lui 
film afterward drieil up by ])assing dry air over the surbice, or l)y placing it in 
a room kepi at a suitable tcnipi'ruture, or by passing it through a sixicially eon- 
Btnicted ohamlMU’ containing air heate<l to about 1300° F. 

The process of J. K. Thornton {E.P. 5798, 1899; abst. J.S.C.I., 1900, 11b 559; 
also Thornti.n and Hothwell, ab.st. J.S.CM., 1900, 19, 71, 274, 157, 68!>; 1901, 20, 
68 ; 1904, 23. 680) relates to a method of coating plates and films with sensiti\’e 
emulsion, in which the emulsion is applied in a succession of thin layers, eacli of 
which is i-apidly dried by a blast of hut air. In the apparatus shown in I'ig. 271, 
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The r. M. Uossitt method of co.'iling nitrocelluJose films ’ and sliown 

tlie paper or otlier support is drawn from a reel A over a coatins-roller /i‘, and 
then up a funnel tlinmf'li whieh a hla.st of hot air is passed. The paper then 
passes down to another cojitinfr-roller, anti so on. The coatinjr-rollers /P are 
supplied by doctor rollers J)' which dip in the trouslw f" containin'! the liquiil 
emulsion. For coating! ftlass plates, an endless banil i.s used t-o carry the plates. 
'J'he emulsion is a[ipliotl in a thin layer by an air bla.st. In the mtiehine for forniinf: 
iiltrtK'ellulose patented by E. liayer &(d). (E.P. 171MI11, ItKIll), a ba'id ol metal or 
other suitable material, somewhat broader thaTi the lilm to be made, is formed into 
a circular line, and euards are fi-Ned at either edee of this rine, itreferabiy made of 
bar-metal of 1-seetion. These e»ards rest on two betirine I'ollers, one of which can 
be rotated. .V feediiiR device is fixed inside the line, at its lowest part, and a strip- 
j>ine roller and reel are provided to remove the film when a nearly complete revolu¬ 
tion of the rine has been made. The iipiier part of the apparatus is inelosc'l in a 
suila.ble easine, pro\ ided with a heatine coil or other (Irvine device. The solntion 
of celluloid is fed onto the inner surface of the rine, which is rolaled at such a speed 
that the film is dry when it reaches the stri})pine roller. 

1. U.S.P. SI) 41 o;!, 11 ) 07 . In the drawinys. 1 illustrates a side elevation of 
one form, iind 'd, same as 1 except that the nitrocellulose lilm is made upon a 
larye revolving drum. In 1, .1 is the frame, li a movable and preferably flex¬ 
ible apton of suitable material, supported u|)on a roller C, thence over a (luide 
roller I), thence over another A', and uinler a hopper F, wiiieh contains the pyrox¬ 
ylin solution. (! is a fable beneath the apron, which .sui>porls it opitosile the 
openiii)! in I he hopper /*’ .so that the at>ron may receive the nitroeeliulose solu¬ 
tion // Miiooihly, evenly and of uniform thickness. The apron and solution 
de])osited thereon travel' touethcr in the direction shown by the arrow. The 
apion passes around the roller /, by which time the pyro.xylin has attained such 
a deyree of eohesion that il may be stritiped from the apron, but is still “yreen” 
(somewhat soft and tacky). At the roller I where the slrip|)in)! is elTeete I, the 
apron 11 passes upwardly in the direction of the arrow around another roller K 
Ufion whieh it is wound up. Meantime the stripped nitroeeliulose lilm pas.ses 
Mound the drum L. over the small siiidc roller .1/, and thence downwanlly into 
ti'e tank .V. containing gelatin or sensitizing solution, (> being a submerging 
loller beneath whieh the ))yroxyliii him is conducted, so (hat vvhilejiassing down¬ 
wardly and also upwardly through the solutioti, both sides of the film are coated. 
,\ftei'passing through a series of deflecting bars F1‘, of glass to remove excess 
of gelatinous or other solution, the eonted film passes around the guide roller (J 
and over and under a senes of rotating 'rums /I'W, an,I finally at the end of the 
iiiaclnne il, iiasses around mea,suring rollers SS'. and filially wound n|ion the 
roller T as a completed article ready for storage (.ir use. It is desirable that 
both surfaces of the nitrocellulose film shall have substantially the same degree 
of di'Miess before its submergence in the gelatinous coating. Therciore, since 
the Iiiider side of the film which was next to the apron before stripping has not 
been siilijecled to the (Irving influence of the air as the ex|iosed surface has been, 
it 'S ))a,'se(l around the drum L before it reaches the siilaiierging tank .V, and 
during its passage around this ilrtiin, is subjected to a eiirrent of air healed to 
about ti.U, the temperature being regulated so tlial the outer side of the film 
sliall attain substantially the same degree of dryness and hardness as the other 
or heretofore e\|io.seil stirface. The usual precautions in regard to the presence 
of dust and excessive huiiiidily should be carried out in ihi,s as well as all oilier 
liliii-forming operalions. 

The patent of li. Edwards (E.R. 11)1:17, lllOd) relates to ajvparatns for the 
manufacture of long lengths of celluloid film to be coated with emulsion, or for 
eoalmg long leiedhs of celluloid |)aper, etc., with gelatin emulsion. The film 
Ao be coated is led from a siifiply spool to a roller, from which it jias.ses over a 
series of parallel transverse rollers nionnted in adjustable bearings in a curved 
frame. An endless metallic, or other sipiporting band |ias.se.s over tlio rollers, 
and is pressed into contact with the film by a roller. The emulsion is fed onto 
the film from the reservoir, and is cooled liy iced water, etc,, cistern.s. Cold water 
also being allowed to pass over the surface; .some of the rollers may also run in 
iced water. The film is received on a take-ii)) drum provided on each side with 
slotted radial guides, in whieh the enlarge I ends of rollers can engage. The 



860 


NITROCELLULOSE INDUSTRY 


in 272, is clcsioinod pi’iinarily to coat a large number of lineal 
feet in a given time. 

In a more rc^cent French process ^ a very thick collodion, prepared 
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rollers fire ]>Uicoil on an inclinod huvinji :i torniinjitinn lip, iho culdos Ijeini? 
arranged to Uiki* one rolU'r at a time from the luhle so as to s(‘j)jiraie tli(‘ ooiU 
of the tilni. The parts are drivefj by beltin*;, a tension roller beina applied to 
llie belt of the take-np drum. \\'het» making.' the eeiinloid film, the celinloid '«olu- 
tion i.s sup])lied from the restu-voir onto tlu; entlle>> baud, the ci.'st<*rns Ixuiil^ 
heated todriNcoff tlio .solvent. ^Vhen celluloid, etc., is iKmiji coated, the endless 
band may be omiil(‘(l, 

1. Soe. t'ivile des Pelllcules Nouvelh's pour CinAnatojiraplus el autres iisa^ies. 
F.P. dS-llll, 1907; FirM, S(‘Coiid and Third Additions lliereto datt'd Jan. 2s 
and Feb. 1. P.K)7: Fourth Adiliiion tlierelo dated An«. dl, ltK)7; F.P. oSllU. 
11)1)7; First Addition thereto 4iated July b, 1907: abst. J.S.Cd., 190S, 27, 171. 
lOSl, 1220, (1) In llie original speeifieation, Fit JSllU. provision v\as made 

for Klnzintf the films of cellulose by means of a cahnider willi he.-ited rolls. Accord- 
injf i(» tills addition, such ^laziuji may lie efh'eted by placing; tlu* films in aher- 
nate layers between polished metal plates, and pro^siiiii a number of sucli films 
and plates in a powerful press at a temperature of about lOO-". (2) Tlie lica.l 
of the a]>])aratus, eontaiiiin^ tlie oritici' for <ieliv(‘rv a eontimions film of a stdu- 
tion of eelliilose, consists of two portions witli accurately jdaned suriaces. Tlu* 
lower portion is attaelied to the vt‘ssel coniainiriji: llie celliflose solution, and the 
delivery orifice may 1 h' male by inlerfK)sin<i strips of metal of suilai)l<‘ lliick- 
noss around thn'c sides of the joint lielween the two portions of the head, which 
are then (dam|U‘d to;:etlier. Or else the oritiee may lie ma>!e by cuttin": sTuootii 
rectanjftilar jrrooves'in one or other of the .surfaces of the lu'ad-pures. {Ip The 
conluiuons hlin.s of eellulose Tnad«‘ by tin* process specified, may iw coaled super¬ 
ficially with ])yr(>\ylin or celluloid by passinji; fiiimi tlinnmh a b:u!i conlaiiiin*! 
a solution of pyroxylin, whicli may be either plain or mi\<‘d witii a substance, 
such as camphor, castor-oil, acetanilide, etc. A cellulose film .s<> c<iat(‘d iscapalile 
of reeeivin;: impressions with inks designed for eelluloivl films and made with a 
medium which has no affinity for that substance. The Ftabiis.,oTnent (launiont 
(F.F. d9IS97, l‘)07) preserve eitiematojirapliic films, by applying tet the invite side 
of the film a solution of 'Xi parts of 9% nitrocellulo.se in amyl acetate. <lilute 1 w'ith 
iilcoho! 97 and ilryinf,^ oil 5 (all tm ). 

In Fourth Addition to dSfllJ, proneness f>f films to “cockle” duriii,'; 
dryinft; is prevented by cl:im]nn^^ tlie ediies of tin* moist sheet on a frame or 
tal>lo. A method of j<iinin^ films loKclher by slltchin;; is descrilx'd. the stitches 
beiii*; cemeutod by a snitai)lo varnish. In ;>S4112. a thick solution of celluloid, 
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by increasing the usual ratio of alcohol to ether by about 15%, is 
caused to flow very slowly, under a pressure of 3-10 atmospheres, 
from a rectangular orifice, which may be from several centimeters 
uj) (o 1 meter in length and up to O.S mm. in width. The sheet of 
fluid colloilion thus discharged does not coagulate immetliately, and 
th(' rate of flow must be such that is it expo.sed to the air without 
any support for one to two minute’s before it i.s caught and carried 
away a.s a continuous riblion l)y a slowly moving endless band of 
cloth This band carries the film through a chamber in which it 
is dried bj- a curre-ut orTteatcd air. Tlie film i.s denitrated by any of 
the known processes, and is tlien bleached and partially dried to such 
a point that it does not cuil u]i. Finally the moist film is fully dried 
and iiolished under pi'c.ssure by means of a calender with heated rolls. 

In the (i. if. Hue ]3rocess ^ pure nitnwellulo.se .S k. is dissolved in 
acetone 30 k., amyl acetate 20 k., and methyl alcohol 10 k. arc then 
adiled succes.siv(d\, the solution being well stirred to keep it homo¬ 
geneous. A small (luanlity of .sodium ricinoleate, e.g., 1 k., is then 
added ti' give the film the necessary flexiliility, and [i little ultramarine 
01 .similar sulistaiice, to coi'rect the yellow tint. The .solution is dried 
olT as usual, afiei' pouring on ])lates, and after washing with dilute 
ammonia is coalerl wiih tlie emulsion. 

.M. llaiignier and 11. I’ervilhac & (’o.,^ claim that any of the solu¬ 
tions enijiloyeil in the manufacture of artificial silk may be used for 
making lilnis by this pi'ocess, which is chai'acterized by the fact that 

ccjiilaiiiing aliinit 100 k. <if pyroxylin in tOO I. of alcohol and ether, together 
will) 'iillicient camphor or other agent to impart the desired tlexihilily, is dis- 
chiugcl from an onliee in the lorm of a contimioiis him in the manner descriln'd 
in the |ireeeding alistract. The lilm, after drying in hot air, is subjected to a 
ealendermg and dianing-out iiroeess. For this pmpose it is jiassod through a 
eidender with jxilishe.l metal rolls, whirh not only llallen.s and smooths the sur¬ 
face lint also rolls out the celluloid film so that the resulting increase in length 
may anioimt to as much as gO'.j. ti. (' de Hrialles (I'M’. OSO.Sf.i, 11107; and 
I irsi .yddilion thereto dale.l .Mar. 110, lUOS; ahst. J.S.C.l., lOOS, 27, Slid) ha.s 
devised a non-inllammalile cinem.atograpliie lilm in which gelatin -|)rcferalily 
chondriii -is bleached with dry chlorine, the ivsidual hydiochlorie acid being 
removed by means of ammonia. The gelatin is then liiiueheil, hitered under 
pressure, formed into ribliou'. and rendered impervious to moisture by placing 
it between two h<'lieiil electrodes in a bath of alcohol, waiter, and tannic acid or 
analogous sub.slauccs. at a low temperature, ll is then dried in iiiwiio to pre¬ 
vent deposition of du't an I moisture, and steeped in a solution of collodion in 
acetone oil an,I vaseline oil. afl'U- whieli ll is again dried in mri/ii, the acetone 
being lecovere.l The stee]iing operalioii may be re|)ea1ed as often as thought 
desirable. The baii.ls of gelatin may be ioitted end to end by a solution of gel- 
ulin 111 liydi'oeliloric aei 1 but this sliimld be done before the depo.sitioii of the 
collo.lion lavi'fs 

1. F P. ks77!ll. IbllT. abst. .] S IM., fitUS, 27, S77. 

2 I'M’. dt)17S,'i. ;iU,'>t)t),"i, lutlS, alls!. .l..S.tM., ItlUS, 27, 7ll,4+4r. See ulsti \V. 11. 
Walker. Iv.l’. 4211. ISTi; Sandell Films and Plates, Lid., and W. 11. Smalley, Fl.P. 
2.>2Fi. P.K)2'. ani (). Molt D.li.P. JlUStiS, P.lOti; U.S P. !),‘i317.), 11)10, for other 
methods of eoiitiiiuous pyroxylin film formation. 
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the film is kept in a stretched condition throughout its manufacture, 
tluis avoiding shrinkage and yielding a product, having a very smooth 
sui'face and a high degree of transpai'cncy. From a I'cscrvoii’, in 
which the level of the licpiid is maintained comstant, the solution 
flows out onto the surface of a slowly I'evolviug diaim, 'I’he flow and 
the width of tlie film are n'guiated hy means of an adjustalile slide in 
the wall of the reservoir, whicii is set to leave a space of a (h’sired 
dimension lietwi'cn its lower edge and the surface of the drum. Tlie 
lower part of the drum is surrounded liy a mantle in which the coagu¬ 
lating liiiuid is circulated. The film after passing through this liipiid 
is detached from the drum and, its edgi's engaging with two parallel 
eudle.ss tiands which serve to keep it in position, is led around a nuinher 
of perforated drums upon wliich tin' operations necessary to ensure 
complete coagulation, washing, etc., are carrii'd out, after which 
the film is dried ujion a cylinder. 

According to tlie continuous production of films hy coagulation, 
of the Soc. (ien. des Films and ('. (loiion * a collodion of Ut)-2.")'','j 
concentration, prepared by di.ssolving a very soluble, hot-iiitrated 
pyro.xylin in methyl alcohol containing I.VIS';, of ether, is delivered 
through a slit onto an endless band traveling beireath the surface 
of a coagulating li<]uid. This liquid must be miscible with methyl 
alcohol, but mu.st not dissolve the ])yro\ylin: for instance, .si)'',' 
alcohol, or benzene, or petroleum hydrocarbons, may Ix' iiscrl. The 
film is eariied on the endless baud through the coagulating bath 
and is then still sufliciently plastic to lie smoothed or furtlu'i' flattened 
by pressui’c between I’ollei's; it is finally dried in,a curo'nt, of air. 

The support of the cinematograph film may Ite emnlsitied only 
on the central or working portion, leaving the borders uiicoated. 
which may l>c pcrfoi-ated or ollierwise ti’eat(“d before or .after emulsify¬ 
ing. .All apparal us is described for coating a film in the al)ove nianner.* 

In anotliei' process ^ a number of jtlates with plane surfaces, mounted 

1. F.P. tiSSTa,), lt»0S: ab.s(. .t.S.C.L. UK)S, 27, tl,');). Sec .). ('Iiaulic{, F,,l'. 11,V.’."), 
ISttl), for inaiiufacturc of pli(il(ignil>luc films from cellulose ill aimnuiiiaeal co|i|ici' 
oxide, H. Danzer (K.l*. tiWId, 1010), waterproofs cellulose ciiieniatograpli lilnis 
by superlicially nitraliiip: or .aeetylatiii); tliem. 

2. Process'ot Comp, (leiierale di' i’liono;;raplies, Ciiieinalograplic's et .Vppareib 
de Pr(ici.si(m, I''.!’. IKI'.lSli, I'.IO't; K.P. ItlWO, P,H)1). .1, R. Prance (f.S.I' UISJ.'.T. 
l,s;i:i) has piiteuleil a eomplicated meehanieal arrangement for cntlinj; films Irom 
a pyroxylin plaslie block in continuous Icimflis, in a manner similar to tlic manu¬ 
facture of vcnccr from logs, the plastic block being rotated against a rigid knife- 
edge. .\. Lumicrc & Sons (i'.P. tOOTUtt, ItKtS; ai>sl,. .b.S.C.I., 1‘tUS, 27, .SC,rl dcscrilic 
a motliod for treating cinenialograiili films wtiieli liave lieeome dull or seratelie,l, 
Iry rciioUsliing ihem after a coat of collodion or celluloid has been a)))ilied to’one 
to both sides of the film. I’or utilization of waste from collodion films .see .\. 
Immiere & Sons, E.P. :i.')01S7, abst. .f.S.C.I., Plot, 23, also E.P. Killl, 
lUO.s, for tlieir non-itiHammalilc collodio-gelatin film. 

3. Soc. Civile clcs Pedlictiles Nouvelles pour t'incmatographes et autres usages, 
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on wheels, are joined together to form an endless band, which passes 
over a vacuum chamber containing water-cooled tubes: each plate 
is perforated with a number of Iioles. A band of celluloid is led onto 
the chain of plates, and is given a velocity eijual to that of the plates; 
just after it. passes over the vacuum chanibci, whei-e it is held in close 
contact with the plates, a sti'eam of emulsion is made to (low onto 
it; it then passes beneath hoods containing cold water, and finally 
to the drying apparatus. 

Drying Continuous Films. It is usually commei'cially more 
profitable in continuous film manufacture to solidify the fluid stream 
into a snflicieutly solid ina.ss to admit of working with, and then to 
transfer this (‘iidk'ss band to another series of dryers connect,ed witli the 
film-forming maehine where the final solvent is expelled. J. Hyatt 
embodied the modern ideas in his I'.S.P. 2.')44.'51), 1S<S2, in which 
is described and illustrated a method of drying ))yro\ylin jila.stic 
.sheets, by moving them along surfaces of artificially heated drums, 
with sullicient tension so that the sheet would dry completely bt-forc 
till' ten.sion i.s discontiiuicd, atul hence obviate tendency to buckle 
and wrinkh'. The recent pi'oeess of diving films as worked out by 
F. 11. Thompson’ ilktslrates the aettad methods of diving large quan¬ 
tities of films conlitiuou.sly at the pre.sent time. 'I’ln^ mechanism 
is shown in Figs. 274, 271 and 27r) details being given in the tmte 
below.- The maehiiu! is to bt' tased in conjunction with one of the film- 

F.P. !!!)li22-l. litUT. Fill' process for routilizing the haiiil supports of cinematograph 
films, see K.l’. I40:i'l, 1 t-U)7, lUtoO, lllOit. 

1. L'.S.I’, lltilKi.'iU, Hill!); !)7tl!l72, lilll). W. A. D.anicls (E.l>, 21,wti, liinni 
ilescnlies maeliiiie- for coating witli ])yroxylin the gelatin surf act' of perforated cine- 
maUiarapli and like tilin.s, which are itrovideil with means for projecting ;tn air lila.st 
(Ml the side of the welt 0|>posit,e to tliat whieh receives llie coatiog, file olijeet lieing 
to |irevenl tlic pyroxylin from flowing tiuongli tlic apertures in the web and llins 
clo.sing them. 

2 In the drawings I is a detail veitical longitudinal section of the maeliiue on 
the line 1 1 of 2, .some of llie parts being liroken away; 2 is a detail plan on a com- 
))araliv(4y small scide; 2 is a (h'tail jilan of tlie macliine on a larger scale soini' 
of the jiarls lieing broken away and otliers being omitted for the sake of clearness; 
d is a (ietail si'etional vii'W on Ihi' line 4 4 of 2; and .5 and 0 are transver.se ii'rlical 
sections on the line .i .7 and li (i respectively of 2. 

The nvaelime is provided willi a frame, consisting of corner n])rights, as It), 
11, side sills 12, 12, and to|i rails II. l,‘i. The two sides of the frame are united 
liv cross rods, as Pi, 17. Moniuel upon this frame are two sets of rollers, one 
di'signalod liy tlie numerals IS, lit, and 2(1. being arranged along the top of tlie 
frame and jonrmded in its .side ii|)right liars 14 and l.'i. The otlier set, designated 
by tlie nnnierals 21, 22, and 22, b jonnialed in the uprights and sills, 12. 12. The 
niemliers ot the two sets of rollers are jireferalily in vertical alignment. sprocket 
wheel 21 is inonnied on the (Mid of one of the nillers, as shown the end roller IS ol 
the upper .set, for the purpo.se of receiving power for operating the maehine. In 
order to drive all of llie rolliM’s, those of one set, as sliown tin' u[iper set, are con- 
necled togetluM' by a sprocket chain 2.7 engaging sprocket teelh 211 formed on 
the several rollens of this set. .kii endless liaiid 27 runs upon all of llie rollers 
of the two sets and is given many turns tdiotit each iiair of rollers, one memiter 
of each itair being in each of the fwo sets. 
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forniing luadunos just described, llie film (represented by the dotted 
line 37) Ijeing delivered to the tape 27, adjacent to the tightening 
roller 2S. The end of tlie film may be secured to the tajw by moans 
of a pin, cement oi' othei'wise. The machine l)eing set in motion the 
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film folhn\s tlu' tap(' in its many turns about the sevei’id si'ts of rollers 
and b\' the time it readies the end of tJi(' madiine at whidi it was 

A tiduonins dovico provided for ilio tape 'll, and comprises a roller JS 
carried Uy an arm 2!) adjustably fixed and ]>rojecliiiu from one ol tlic upridits 10, 
Tracing this tyj)e Irom the tidUeuiiij: d(‘\iee as a starling pimil, it Icmls lirst over 
the end J'oller IS and to the opposite end o{ the nuichin<\ luniin^ <Unvnwardly 
about th<- rolh'r 20, as shown mosl plainly in 2. Feadinn thence to tlie roller 2)1 
and making refjcated turns about these two rollers 20, 2)1, l)eing wound spirally 
thereon. Ileaclim" the opposite side of the machine, th<‘ ta])e. 27 li'ads to tlie 
next lower roller 22 and is then wound spirally ulxuit this roller and its companion 
10 of tlie up]>er set. lleaciiin^ the o]>posile side of the machine, the tnpe is now^ 
led to tla* n(‘Xt adjacent lower roller 22 and in similar manner spirally wound 
about tins rolli'r and the corresponding; roller 10 of the upper set. Thus tlu' tape 
i^ le I from pair to jKiir of the mllers. the transfer from one pair to tlie next bcin>; 
mad(‘ alternati'ly at op])<>sit(‘ sides of the machine, and the number of rollers iu 
each set is such that the tafie leaves tlie lowest roller at the same end at which 
it started from the lijihleninj: device. 

Su}>plemental tij;litenin« lievices are provided for taking up the slack in con¬ 
nection with each pair of rollers, all beiii^ alike, and consisliiif; of a pair of arm-^ 
)hl, )ll, pivoted upon the trunnions of the low’er roller as 22, and projeetinir 
upwardly, a roller )V2 Indiin journaled in the upper ends of such fuiir of arms and 
a lapted to liear against the inner face of tlie several turns of tlie tape about the 
pair of roller^ with w’hich this particular .supplemental tightening ilevice co-operates. 
Hetraclile s})rings )I)T )14 are attached to tne frame of the machine and to tlie anu< 
1^0 and )U, and drawing them away from the iierpendicular, forcing the roller )-i2 
against tlie tape and con><*(juenl!y drawing its several turii.s taut. 
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received, its coating will have become completely dried so that it is 
ready for use. It is .sepaiated from the tape trelow the tightening 
roller 2S, and wound up for use. Ii\ another device, an endless band * 
of .sufBcient length to permit the diying of the films, and running 
edawisp, carries at P(iual intervals a number of suspenders, provided 
with guide bans -and pins to catch the pei-foratioms of the film. Tlui 
wet band of film is fed at a unifoi'm speed over a fix(‘d rollei', and hooks 
on one of the suspenders; a loop is then formed, the length depending 
on the speed of the ti'avding belt and of the film, until the second 
susiM’uder is i-eached, when it is again caught. .Ifter pas.sing over 
the last .su.spender the film is run off onto a suitable winding roller, 
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rotating at the sitine speed as the I'ei'ding roller. Hollers fixetl at suit- 
nl)le points luair the feed roller and the winding rolli'r elTeel the hook¬ 
ing and unhooking of the film. 

Sensitizing Continuous Films. Irrespeeiive of whether the 
" lilm su])port " in entiri'ly nitrocellulose, gelatin or a eombinatiou, 
the sensitizing solution, prepared as described elsewhere, is deposited 
in the same w;iy, and iti a similar tnanner to the manufacture of the 
original film, such necessai'V ))recautions being taken to exclude day¬ 
light ill order to ])reseix c’ the sensitivmiess of the photograiihic emul- 
sioti. The formation of film sipiport, drying and application of emul- 
.sion limy be arrangecl as a eontimious process from fluid iivroxyliii 
solution to marketable .sensitized film. This ri'quires a coating device 
ami di'ving altachmeiit as previously di'scribed, tiiul from the drying 

1. Comp. dm. dp Phunograiilips, ('uu'matographes ct .\pjiareils do I’l'ccHion, 
TO P. 210011. lono 











rollers the film is led through a fine slit into a dark room containing 
non-actinic light, in which is a continuous emulsion-depositing machine. 
The endles.s band of pyroxylin is led through ballis of sensitive emul¬ 
sion, ovi'r rollers for drying, and finally cut up into wiiltlrs of If in. 
wide, winch i.s the width taken by all moving-picture cameras. Con- 
\’cnicnt Icngth.s ai'(' oOO and 10(K) lineal feet. After the indivitbud 
bands arc wound on roller.s or spools, the product is known in the 
I'tule as “ raw film.”’ 

Chronophotography, Motography, or moic usually “ Motion ” 
or .Moving I’ictui'es,” as commercially cm])loyi'd at the piosciit 
day for the eiiK'i'tainnicnt of audiences, comprises a process whei'el>y 
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appearing in greater contrast, which renders more I'ealistic the decep¬ 
tion of actual movement. The standard picture film measures 1-J in 
in width, although a slight variation from this width is unimportant, 
because the edges of the film do not appear in the picture. The length 
of the film is imniateiial, as two or more sections may be cemented 
together. The thickness is al)out O.OOd in., comprising about 0.005 
in. of celluloid or pyro.xylin film supp(jrt, the depth of sensitive emul¬ 
sion being 0.001 in. VMien the picture occupies all of the film, so that 
it fills the screen when projected, the individual pictures are 1 in, by f 
in. in si/.e, being 1 in wide and f in. high, and hence IG to the 
lineal foot. The first piclure on a .strip of film in a series ha.s its 
head at the end of the film and its foot toward the secoml picture 
in the series, from vvhicli it follows that the picture film is fed head¬ 
first through the projecting mechanism. The holes on each .side of 
th(‘ professional film and designed to aid in feeding it through the 
projecting machine, are along each edge, outside the pictures, the 
pictures formhrg a long I'ow 1 in. wide, and having as a border on each 
side a I'ow of perforations, four holes jx'r picture on a in. margin. 
The shape of the holes vaiy, but the number per picture is the same 
with all makers, 'riie pictures in the strij) ai'o not necessarily IX t 
in., but. they niitst occupy that much space, irrespective of their size. 

The usual length of standard film roll as placed in the projecting 
machine for a jniblic e.vhibition is 101)0 feet, containing ll),()00 dis¬ 
tinct ajul separate' images, which tire (lashed u|)on the screen at the 
rate of about 10 per st'cond, a 1000 fool reel giving an entertainment 
lasting twenty minutes, which is the usual length of time of a nickel 
entertainment. It is immaterial whether the 1000 foot length reel 
be comiio.sed of one or severtd continuous scent's. The standard 
unit of ('.\hd)ition film has therefore been made as 1000 feet—techni¬ 
cally called a rt'el—moving-picture theatt'rs ba.sing their ('iitertain- 
lueiit on that size film, while film-renting exchangt's com))ute their 
prit'cs on the basis ol rt'i'ls of this standard length. 1 he manu- 
factuivrs fui-nish films perfoi'ated or unpt'rfoi'ated as desired.' The 
roll as i-eceived from the nmnufai'turer is covered with tinfoil and 
black paper and inclosetl in a mt'tal box hermt'tically sealed. In 
November, 1010, it was t'onservatively estimated that in the I'nited 
ritati's alone there were in active operation over tw’euty-three thousand 
separate moving-picture thcati'rs. 

The motion-picture camera must havi' a good, fast lens, of a focal 

1. .\ reel coutaining 1000 feet of film forms ii roll approxim.ately 10 in. 
(2.-1 cm.) in diameter, and wciglis about .'i 11). (2.2 k.). In a one-hour entertain¬ 
ment nearly 4000 feet of film passes before I,he audience weighing 20 lb., and con- 
taiiiin^ ivlioul 040,000 views. 
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length of 2-4 in., and arranged to take a piclaire 1 in, wide by i 
higli. Outside of the cainei'a-box is a crank oi)erating two moolianisnis 
on the inside the fii'st being the film-shift mechanism by which a 
toothed i’oller is pi'o]relled with an iatei'mitteut motion. The unex- 
p(.)sed film is phua>d in the camera, cai'fied over this roller, the teeth 
of which catch the holes in the edge of the lilrn strip. .\a the crank 
revolves, and intermittently jerks the. toothed rolh'r, the film is jerkf-d 
down ■; in., or just the height of a single picture, the action being 
the same as wit.li the projection machine previously desci'ibed. The 
.s'coiid camera mechanism is the shutter, the function of which is to 
exclude all light fi'om tin' lilm when the handle is not. turned, but 
to admit the light through the lens during that bri(“f ireriod when the 
film, b('twe('n ji'rks, is at rest. The shultei- and film mechanism work 
in juxtapo.siiion, thus ex|)osing the film to the light from the lens 
and then jerking the expose(l liim to darkm'ss, while the immediately 
lying imexposed lilm is jerked into line for exposimx This altermite 
exposure and light pi'otection is continued at tin' rate of about Id 
complete cycles per second, until a sufficient number of impi'essions 
hav(' been obtaiiu'd, exce|)t that being undevelo|ied, they ai'e still 
negatix'es. 'I’lie speed of taking the pictui'es is varied to some exhmt, 
depending somewhat upon the (dfect desiied upon the projection 
screen, and the nature and extent of animation of the subject being 
photographeil. I'sually the pictures appear on the screen faster 
than they were taken from miture. 

Tlie methods of devtdopment aiiplictihle for moving pictures are 
deiK'iident primarily upon the length of the individual films. The 
average camera has a re(‘l box of capacity seldom in excess of two 
hniuired lineal feet of lilm, and for such lengths, the sod'ailed “ di-iim 
development ” metluKl is exlen.sivi'ly irsed. In this method the expo'^ed 
strip is woniid bom the camera onto a drum. Die drum being bung 
upon supports, ami the .sensitive film xvuimd spirally, sensitive face 
outward. The drum is then fnini'd toxvard the* developer xvilh its 
imder surface iniiiK'rsed in the solution, then lifted to a tank of water 
and similarly turned; then to a tank of fixing solution, several tanks 
of Wider and finally thi'ough a weiik glycerol solution to pi'('s(>rve its 
flexibility. The film is (inally drieil and the negative is complete. , 

'I’he making of tiic print from the negative is eomprised in the 
pi’ocessf's of pi'iuting, developing, drying and iuspcc.ting. As in 
making a photographic juint, the .sensitive surface of the material 
for the positix'o must be placed in contact xvitb the film side of the 
negative and the proper fpiantit.y of light admitted through the negative 
to the material which is to become the positive piiut. .\s the motion- 
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picture negatives arc 200—100 f(,'ot in length, .special type.s of photo¬ 
graphic printing frames ai'o required, the machines u.sed which print 
a poi’tion at a tinu^, either by tlu; " step-by-.step ” or “ continuous ” 
proces.ses until the entire .strip i.s pi'inted. The I’aw film stock on which 
the po.sitive i.s to be printed i.s of comparatively slow emulsion. The 
development of the print i.s substantially the .same as with the develop¬ 
ment of the negative, the final printing being done in a .sectional 
machine.‘ ^ 

Lantern Slides, Opals, and Transparencies.''* The production 
of collodion lantei'ii .slides and transpai’cncies i.s a rapid and inexpensive 
procc.ss, and one in which the operator may exerci.se con.siderable 
conti'ol over the character of results produced, and is especially I'cc- 

t. In piirohiisiru' Liy kiii('1(isci)|)Os, buy only such as lake, the stamhu'd lilm 
.size preyiuusly jnentioned. They are mi more c.vpcrisive. at any time you may 
desire to jmrehiise a jirint of a film seen al some cntcrlainmenl, or upon inirchasinfj 
a larger iiistniinenl, the (niiits on hand will all be utilizable. 

'J. The mechanics ol picture film formation, inaehine development, etc., arc 
witliont the province of this wink. The following cliroiiological list of U, .S. 
biitcnt.s indicate tlic development, of the .subject in tin* Unitetl States; gl.'iTlt, 

liiir;, it.i.v.ii, ingtirii. iniMi i:mi, i.s;ij,-iu, i.swti, gf.’.siii, oigsB,), 

g:i7:jsi), u,-,si(i|. •.>,->!)!),-,(), :i7(iJ17, b■|g'.l(i(i. t.v.tliu, ■t!«tg(i, llfiSgo. ,',().iiL> 7 , ,-,j| 7 ij 7 , 

.fiL’Ulldll, .7gl7(l.'i, .'ij.yt'.ll, .ag.sno, .'ittl.so, .•itliOlti, ,it7(l()(i. .'I-1777."), 

.'ililHO!), .■)(il).ill7, ."ilidlJt, .■)I)(II2.'>, .■ilillSIK), .■)(i!IS7.). .)71l!)li, .r7IS,',l, ,-,7.)l.'):i, 

.‘)7.77til, ,“)7ti.’itJ, .‘)7S1S,’). .’)7‘.)Ssg, ,a.SI)74!t. ,7S'Jltll, ."iSIJgS, ."iStliOu, .rStdll, .a.stllt.yi, 

."i.s7.’il.fii, r).S7."*L!7, .')S7721), .'rS.SOlt. .ISSlIIti, ."iSUIttS, .■)!)()7li(i, ’)t)(t.s;t7, .)!111,")2. 

,")ii:!:i7t), .•I'lio'it, ."iii.'iiii’ii, .■i!i(itiS7, .■>!i77.')i). (iooiin, (iOlii.'ii, ()i):i77l, (i()i7:i:i, (iUlid'.rt, 

(il)77(U, ()()77.s:i, tlUl.'ititl, (1112:11, Ull.'j'.io, (ill.'i'n, (ll l.'tdli, Ijn:!(i7, (il7m.'i, lil7lH:L 

ll2IW.->7. 1.122),"il, 112:11111, tl27.')2ll. 02711,')2, (12Sll;t, )12<)0li:t, tl21t.'),S2. li:!2172, tlllt.'illll, 

Oil,') Kill, (lll.'t.lOl), 112(10-12, (1:1071.7. 02071(1, (i:i(1717, (111717, (142102, (11271.4. (14,7477, 

(11.7010, (117.7211, tltSOll), (111!72(), 0.71 1114. (1.7101)1, (1,72714, (1.7I.7.S.), 0.7(17(12, (DIOOOO, 

(1(11111), 0(11.71(1, (1(1171)"7, 11021,72, 0027,S,7, 00(1411,7, (1(17120, 0(17(114, (1117(12,7, (171111, 

(17111)4, 072710, (172711, 072221), (i72!)l)2, 07.7!)()2 , 07(1.722, 042111(1, 04(212, (147(124, 

04401,4, (14.4(1.72. 11.41)4,77, )1!)()4L7, 1)1)1)11, 001 11)2, 01)24,70, (11),)()()2, 01).7!)1)1, ()!)(),4(11), 

(10412.7, 71)0711!), 704411), 700112, 71)7!l:il, 704114, 70.420:1, 70.4412, 7002)2, 7102:10, 

711)10, 712102, 7i:',:i12, 71;i47(), 71141,7, 72011.11, 7212111, 721714, 7210,74, 7222,42, 

722202, 7271)14. 72027.7, 720001, 7212,42, 72112(1, 724212, 71021,4, 712(1:12, 71:1410, 

74 12,71, 71,70,7(1, 717041, 7.72204, 7.7'H)!12, 702.710, 702014, 7()l74Si 7(l;7,7,SO. 70.7021, 

770100, 77070.7. 770027, 771240, 772017, 772041, 771022, 772000, 77072.1, 777241, 

770204 7700.74, 7.4.720,7, 74.7227 , 7.40042 , 70221.7, .400041, 411211, 412.727. .41241,7, 

41:10.12, 41:1.400, 41110(1, 41 1002, 4110(12, 41,7.7,41, .410.714, 420141, 4224:14, 422720, 

,4221)1:1, 420112, ,420440, S20.721, S22112, ,4:1.7201). 4:1,4010, ,4:101,72, 41,7,7.71, 411)401), 

4.70.707, 4.71247, 4.7:i0')0 , 4.71100, 4,77001), 4.771107 , 4()n()0, 4(11,422, 4(12.7.70, 402.717, 

,4(11211, 41),7100, 40.7.702, 40714.7. 407042, ,S71).70L 004,7(10, 001)104 , 000.724 , 011070, 

011710, 1)12127, 1)1220,7, 012224, l)12;7:il), 01)720, 01.72.70, 1)1(122.7, 1)10240. 010410, 

1)1(17.71, 1)10744, 017074, 017210, 017007, 1)1,4,442, 1)1.4444, 1)11)221, 020202, 1)201)01, 

021272. !I21.7:)7, 022202, 022712, 0221:12, 1)22.711, 021147, 02.)220, 1)2.701)7, 02(1(102, 

024212, iril.sOI, 0:!.71()7, 027171. !):!72(17, 027740, 02.4(120, 02912.7, !(:!!1274, !):!!):i27, 

1121)1)21, 040171), 1)10021. 

2. In.stead nf us)ng gla.s.s alri'ady cut to the de,sired size fnr the jiroduetinn 
of llie wet collodion .slides, it is ]ireferable to u.se larger piece.s, and then cut them 
down to the desired size after they are finished. The additional Ironlilc and 
expense involved in doing so is more than eounterhalaneed liy the* greater ease in 
manipnlation gained by tlie presi'iiee nf the margin around the sliile. The difficulty 
in insuring even coating, even development and smoothness in varnishing at the 
edges, is obviated wliere the slide.s are cut down at the completion of the opera¬ 
tions. 
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onimeiided as admitting of the production of good results from poor 
negatives. That it i.s at present largely used by large manufactui'ers 
is sufficient evidence of its practical utility. Whether the finest lan¬ 
tern .slides are tho.se produced by the wet collodion proces.s may, or may 
not be .so, yet it is a fact that collodion lantern slides possess a resplen¬ 
dency, sj)arkle and clearness often ab.sent in slides made by other 
proces.ses. In distinction from gelatin, collodion slides do not melt 
in the lantern. The following instructions applying to the formation 
of lantern transparencies,' are apjJicahle, of course, to the prepai'a- 
tion of stereoscopic luid othei' transparencies, a lantern slide being 
in reality but a small trans))ai'ency. 

The usual method of producing the slides is by copying the nega¬ 
tive in the camera, although it is pos.sihle to make lantern .slides bv 
contact u))on a wet collodion plate.'* The gla.ss, as usual, .should 
be .scrupulously clean, edged with a rubber solution, and the usual 
gelatin substrtitum first aj)plied as previously described. The itlale, 
di’ied in a place free from dust, is coated with emulsion in the usual 
tnanner.-'* If the plates arc to be kept for some time before e.Nptwure, 
they niay be pre.«ei'vod by flowing over it mixture of jn'rogallie acid 
1 part, “bitter ale," .oOO paits, the jilates being immersed in this 
solution until all appearance of greasiness disappears, and finally 

1 Ph ,t, .Vows, ISDO, 43, (>31. 

2. (iotiomlly by the iiso (pf a woll-\’iuTiislio(l nogutivo which is .slightly .sepa¬ 
rated ff'iin the wet plate by a well-oiled mii.sk of heavy paper. It i.s, lipjwever, 
of limited aitplioation and much inferior to the preiiara'tion of .slide.s liy copying 
the neg.atiye in the camera. For ■‘('ollodio-tUiIoridu Emulsion for Tran.sparen- 
eie.s," see \V. Bolton, Sei .Vm., May 22, I.S!)7. 

3. Care must lie taken to shake llie emutsion thoronglily, on account of tlie 
liability of deposition of the insohdile silver chloralo or lirtimide on .slaniling, it 
lieing insolulile in the aleohol-ether menstruum, .\lthongli collodio-chlpiride 
omiilsioii gives a vvipler raiigp' of color, eollodio-bromiple omidsioiis are usually 
•satislactory, and esfX'Ctally so in tran,s[iarencies or lantern slides which are to be 
made in the camera. Aeeorilmg to E, Foxlee (Bnl. .lour. Pilot., 1!K)7, p. 'i7S). 
the points to he kept in view are that the highest lights must be rejuvsenled liy 
bai-e glass on account of the at>preeialile transparoney of tlii' slutdows. To secure 
these maxiniutu cotiditioiis llie silver bath may be made slightly more acitl lliau 
is d(‘sirai)*c for negatives. The eollopliou sIupuIpI preierahly ipe ioduuMl sevp-ral 
mouths before use, or if newly iodizcpl, (inetiire of iodine s'liould be addpsl to a 
decfi color. Tlie exposure sliould lie a full one, as any ajtjtroaeh to imilerexito.stirc 
wouM load to liard anti inky-looking slides. See also the proC(*ss of (1, Alacaire, 

E. I’. 121.52, l.Sit!); W. Adams, E.P. 1(17.S.5, ISSS. Eor the melluxl of proplucing 
cellidoid magic lantern slides of F. Warlieli, .see FI P. 370, ISiU, To l.raiisl'er 
colore,1 pietnres on canvas, sec J. Schnhmacher and (I, Stado, E.P. 71.S, 1,S7 p|, 

F. Kampichini (F.P. 4!.5'.)4p5, 1910) pro))ares an adhesive solution for slicking films 
together, in which nitrixtcllulose alone or witli the addition of camphor orstjlultle 
coloring materials, or insohtblo powders, is iigil.ated in a solvent consisting of aeetone 
alone or with the addition of methyl alcohol, ethyl acetate, Ixuizene, nitrobenzene 
glacial Jicetic acid, etc. A vi.scoiis lipinid is the result, the proportions of the comf 
ponents being varied acciirdmg to the porosity of the materials to be treated. 
After the attplicatiirn of the adliesive to the surfaces to be joined, pressure is 
applied, perfect adhesion being obttiincd ttfter .several hours’ drying. 
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flried in the air without the aid of artifi<;ial hentd The develop¬ 
ment with iron (ferrou*^ sulphate) is arrested as soon as full detail 
appears in the iieavy shadows, and tlu^ ])late washed, fixed and again 
thoroughly washed. If intcaisificadion is Tieeessary, it is apjdied as soon 
as the fixed slide is wasluM.l, the following solution lieing satisfactory: 

loMTous sulphai(‘crystals (grcM'ii viirol) . oO gr. 

('iti‘i(; acid . . 1(H) gr. 

Distilled water ^ . 10 II.oz. 


1. A snijili portion of tliis solution is poiirtvl into u clean hcakor, and then 
flown 1 over ll»‘ plate as uniformly as possil)lc, a few minims of silver nitrate 
st>lulion added, the soluli<in poureil hack a^nin from (lie plate, tiie two allowed 
to ihoroujiliiy mix and then flowed over the film again Wlicn the dt'sired 
opacity has been obtaun'd. the slide is well washed mi ler the lap and filaced in 
a dish tif distilh'd water. In the ciw of subjects in ))ure lino, as diagram.s, Iduc 
prints, etc., inlensiKcatioii may lie eaiTk'd out after ti.ving and washing, by the 
iM‘ of eupric bromidi' and stiver nitrate*. tlu‘ euprio iiitrate^ formed as the result 
i>l precipitation of the silver lirornidi*. being in no way <il)j(*etiemablc. ( Vlmcy, 
■'Instruction in Photograpliy,” Sili <‘>1., p. s:>). In mtenMfying iautern slides 
it is advisabh' to flow the intensifier over the plate (wo or three times befon* the 
silver is add(‘d to it. jis it apfiarently permeates tlie film, ami yields a warmer, 
more mellow tone than when the .silver is added at first. In a proper exposure, 
sullieient density will be ((uickly obtained, l)ut. as soon as llie solution shows 
indlealious of clomliness, fresh intetisifi(*r sliould l)c used. See Phot. Milth., 1NU7, 
« 1 . 251 . 

2. .\ecording to T*ayne (“The Wet ('ollodion Process,” p. IHl), after the 
po^ilive lias been developeil and well rinsed in water, it is examined liy trun.s- 
mitted light, when tlie image sliouid apfiear tliin )»ut possess a full range of 
gradation. If tin* image apparently lacks ileiisity, but pussess(‘s sufficient con¬ 
trast. it may be sttH-ngtlamed by iv-developing with jiyro ami silver, using the 
following formula: 

\o. I. I’yrogalllc acid lU gr,, citric aeid 25 gr., distilled water, 2 fi.oz. 

No. TI. Silver nitrate 2U gr., dislilleil watm* 2 (l.oz. 

The.se solutions ke<‘p fairly well. Imt if a vegetable growth ajipears in (lie No. I, 
solution. It should be fillered i)efore use. .\ .small crystal of thymol wall effectually 
prevent tlie fonnalion of vegetable growth in acpasnis tartaric and citric acid 
solutions, Without otherwise alh'cling th(*m. Tlu* wi‘U-\vasIi(*d negative is drained 
upon elear biluilous ))ii))er, after which e(|ua! parts of .\o. I ami II .solutions, 
p'l viously mixed, fio«(‘(] over the drained plate, and then returned to tla* mea.sure, 
'I’liis opiwation is repeativl until the image lias attaine<l the d(*sired deii.dly. It 
i^ impmiaul to note tliat uneijual d(‘nd1y may be produced by pouring the 
re-dev<‘lo})er upon the .same portion of tile j'late, and the solution should not be 
u^(‘d alter it lias hecome thick. If a bluish j>reci])itate i.s produced during re-develop- 
inent, it may be (lm‘ to thC lack of free acid or the use of old pyro. If the plate 
bi'coines stained as tlie result of pndonged intensification, the application of a 
5% a(iueuus acetic acid will remove it, after which the plate is thoroughly washed, 
If the image i.s overiiilen.sified, which is recognizable by the shadows being opaque 
to the light in the optical lantern, it is difficult to remedy it. Therefore, it is 
advisable to stop re-<leveU)pirig the image while it is apparently too w’oak, for 
the slide may be re-developcd. if too weak, after it lias been fixed. Should the 
imago ajipareiitly be wanting in contrast, wdien it is examined after re-dcveloi>- 
ment, it is jireferalile to apply the re-developing solution after the positive is 
fi.xcd, for re-dev'olopnu'ut before fixing produces a soft result, in contradistinction 
to th<; result ol>i.ained if the .slide is re-developed after it is fixed. It is possible 
to re-develop the imago both before and after it is fixed, if it is desired to still 
furtfier increase the contrast which was obtained by the re-ilevclopment before 
fixing. The slide, of course, should be well washed after each operation, unci 
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If the plain silver image is not of a very good color—and this is often 
the case—some method of toning is usually resorted to, which may 
be either of the following: 


Palladium chloride. ir) gr. 

Concentrated nitric acid. 3 minims 

Distilled water. 1.5 oz. 

or 

Platinic chloride. D5 gr. 

Concenti’ated Jiitric acid. 3 minims 

Di.slilled water 1. 15 oz. 


especially after tin; application of the fixiny: solution. If the positive ap}>ears too 
dense, it may he rccliicwl liy tlic formula of 11. hunner a.-* follow.-^: 

No. 1. Sodium tliiosulpluite (hypo) 4 uv.oz.. water 20 fl.oz 

No. 11. Potassium ferricyaiikic (red prussiatc potash) 1 av.oz,, water, 10 fl.oz. 
The transparency is immersed in a solution composed of 4 oz. No. I, to 1 dram 
No. II, and rocked until it is suthcioutly reduced. If it is desired to entirely 
remove a portion of the imago, as, for instance, the Imckground from a portrait, 
or patches in the sky owing to a faulty negative, the tran.sparency is, after fixiiig 
and washing, .allowed to drain thoroughly until it. i>ecomes surface dry. Tlie 
reducing solution above is then painted on the .sj^ots by means of a fine eumel- 
hair brush, taking care that, the .solution does not flow onto the surroundings. If 
the .subject is a landscape, and it is desired (say) to add clouds to a negative in 
which they do not appear, the foil(»wing procedun* is applic:il>le, if tlie‘sky portion 
is not clear glass. A .suitable cloud n(‘gutive is taken, and an im.age made of it 
to scale on another piece of glass. Tlien all in.ag(‘ portions on tlie sky traiis- 
jiarency ai*e removed by reducing, leaving an amount to correspoml with the 
clear gWs portion of the I ranspaivncy, and the two are then bouful togfdher after 
varnishing. If the sky negative lias been made for tlie landscape negative, it 
is preferable to copy it with the glass side toward the len.s to allow for n‘versal 
Tlie slides after drying are carefully spotted find varnished in the usual manner. 

1. Tlie above two are sUmk solutions, and sliould Ik* diluted witli 7-S parts 
of water before u.se. Tlie transparcuicy is jilaced in a flat dihli, the toning solu¬ 
tion poured over it, and the ,slid(* rocked until a satisfactory color is obtained, 
tlie plate lieing then waslied. The jilatinum formula produces a tine black tone, 
the palladium more on the brown sIjikIc. Hluidi-lilack i.s firodueed on the sil¬ 
ver image by the use of tlie following gold toning solution: Ammonium .sulplio- 
cyanide, 20 gr.; gold chloride, 2 gr.: distilled water, 10 tl.oz. 

A browni.sh-black tone is obtainable by first, bleaching tlie image by flowing 
over the slide a .small (juantity of 1% iodine solution containing 4% potassium 
iodide, flowing this over the jdate several times. The bleached image consi.st- 
ing of silver io<lide is well washed, the .slide slightly r(‘duced l>y the applicaliiui 
of a 1% aqueous jHitassiiirn cyanide solution, tlie transparency well waslied 
again and finally blackened by immiTsion in a 2% aipieous sodium sulpliide 
.solution. The slide, after final wa.shing, is dried. As this operation alters the 
tom* of the image as well as inten.sifying it, this iioint must be allowed for wlicn 
tlie slide is Inking dcvelopeil. By the u.se of a uranium toning .solution, it is jios- 
sililc to intensify the .slide, and at the same time tone to any color l)etween red 
and brown. The toning .solution is as follows: Tranium nitrate, 2 gr.; pdta.s- 
sium fcrricyanide, 1 gr.; acetic acid, .SO minims; water, 1 fl. oz. The image 
turns first lirown, and then gradually into the red, the intensification increasing 
with change of color. The image must lie carefully washed during this proctiss 
and l)c immediately removed and wa-shed when the desinid tone is reached. If 
the slide is heated in order to dry tlie varnisfi, the color may be (li.scharged by 
the heat, but will usually reappear upon cooling the slide. 
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Irrespective of the method of toning adopted, the slide is finally well 
washed and dried, and varnished with a transparent varnish, such 
as a 4 -6% solution of dammar in turpentine or benzol, the dammar 
being carefully paper-filtered before use. If this does not result in 
the formation of a clear vai’ni.sli, .some of the clarification methods 
described in Chapter IX should be resorted to.* This proce.ss is 
especially suitable in the preparation of lantern .slides of line drawings. 
Thc.se are made in a manner entirely to the similar methods described 
under “ Proce.s.s Woi-k.” It may often bo of advantage to use line 
negatives a.-; the lantm-n slides, the lines showing in white upon a 
black ground, which as regai'd.s (dearness is a decided improvement. 
If a po.sitivc' image is desiced, it m.ay be obtained by copying the line 
negative upon a w(>t collodion plate, the negative being preferably 
backed with a sheel of opal glas,s. 

The iiK'thod of producing trims|)arenci(>s patented by (1. Schnilzlor ** 
relates to the irreparation of tl('\ible transparent po.sitive ihotograjrhs. 
Celluloid, (‘ither colorless or tinteil and about the' thickness of an 
ordinary sheet of paper, is u.sed for the support of the sensitive' film 
on which phologra])li.s are printed from the negative in the usual 
inannei'. These iihotograielis can be looke'd at from either .side' and 
do not reepiire t.o be mounted. 

Collodion transfej's are usually produced by coating a slneet of 
talced glass with an iodized collodion, sc'nsitizing, developing, fiving 
('tc., in the usual way. The film is then transferrc'd to a sheet of 
carbon double transfer papc'r. This process is more oftc'ii used in 
enlarging. 

Fcrrotype.s and Direct Positives on Glass. Tin- diiect pro¬ 
duction of positive pictures by wet collodion is a comparatively simple 
procedure, and w.as early exemplified in those curious portraits of our 
'rrandp.arents, which were mounted in a gilt case, leather-backed 
frame, and ei roncously known as “ daguerreotypes.” In reality they 
are jawitive images taken direct from the subject, being unu.sually 
thin and undere\pos('d negatires, in which th(' silver is in'ccipitated 

1. The varnisli is .applied in the rnid, it heinp; imp<'rativc that it he free from 
eolor, or iK'iirly ,sii, and e(aiUdn no ohservahle .suspendeit matter. 

'J. K.]’. 7S(i7, lSt)7; in the proees.s of prodiicinR "eollodiou enamels” a.s pat¬ 
ented (E.I’. (>,701, l.SUit) hy h'. Forster and (.1. Rockwoixl, tlie sensitive medium 
upon whicli tlie pliotoKraphie picture is printed from the negative is .surfaced 
willi a mixture of gelatin and inetallie oxide, such as oxide of copper, iron, or 
gold. The print is then trail,sferred to a temporary support sueh as gelatinized 
paper. It is UeveloptHl on tlie temporary support and then transferred to a 
js'i'nianent glas.s support. Tlie collodion is tm'ii waslied away with ether, ami 
the picture film is rendered imsolutile hy elirome alum and dried. A vitreous 
ftiix of oxide of lead, liorax, .and sand is then dusted over the film and fused in 
a kiln. 
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ill ;i grayish-whitp condition, tlw black background being produced 
either by ineiins of blnek velv('t, or Iry pouring a blacli varnish over 
the image—usually the former. These so-called “ collodion positives ” 
arc nicj-ely thin negative jhetures, which appeal’ as a positive only 
when viewed against a dark blaekground liy rellected light. The 
d('ns(‘ parts of the image, which corre.sjKmd to the high lights of the 
subject, reflect the most light and hence appear as l.ho brighter parts 
of the jricture. J e.ss light being reflected in the half tone.s, they appear 
darker, the shadows being supplied by the black backgiound.' 
Tliese photograpl's are very )M'rnianent, and are often .seen delicately 
tinted with pigment coloi's. 

Positives ujinn metal plates or ferroty])es, as they ari' usually 
called, ai'c n'ver.sed as regards right and left, unle.ss a mii'ror or pi’ism 
is used. They are the ‘‘ tin ty])('s ” )n’oduced by the itinerant jihotog- 
raphers at country fairs and si'a.sidc resorts, and are very expeditious 
metliods of iiictnre formation, ns evidenced by the fact that "you 
can have your picture taken and finished while you wait.” For the 
production of either ferrotypes or glass positives, the coating and 
sensitizing is practically the same, ainl is carried out in a manner 
siniilur to that described for negatives. The collodion usivl is ('Sjic- 
eially iodized for this " po.sitive ” work, either by using an old sulii- 
tioii wliieli is dark amber in color from lilx’i'aled iodine, or by adding 
a small amoiml of Fliarmaeopeal tinctiii’o of iodine to a fri'shly iodized 
collodion. The collodion in list produce a thin delicate image, .so that 
th(' black background (glass positive) will give sidliciciit rcllectiou to 
bring nut the details with sufficient contrast. Wlu’i’e glass is used as the 
support, the rigid methods of preliininaiy elcaniiig and .seh'ct ion of flaw- 
li'ss glass must not be oinitti'd. The gl^iss is preferably coated with siib- 
stral.um, collodionized, sen.sitized, and developed as previously described. 
Ferrotyties arc cleaned in the following manner: First gently nibbed 
either with alcobolie iodine .solution or old iodized collodion, or if grca.se 
is suspi'cti'd, a linen cloth and a 3‘, caustic potash, either aipicou! 
or alcoholic, .solution should be thoronglily nibbed on the ja|)anmd 
surface. vUter well rinsing with water, dried, and a small amount, 
of alcohol finally rubbed over the surface and dried gently with a 
soft cloth, the coating solution is jiourcd over in the following manner; 

1. In order to otitain the liest possible effect, it is neoe.ssiiry lliat the exposure 
Iz* prolonged no longer than necessary, and the development not uialuly con¬ 
tinued, and that the silver is <leposile<l in as light a form as pos.sible. Where 
the, positive is made upon glass, the black backing lias to be supplied, whereas 
with a ferrotype, it is given by the support itself. It is po.ssible to show the 
image reversed or not, depending whether the film side is facing the observer, 
or on the imside. In the first case we have the reversal, in the latter not. For 
the better nroteetion of the film, it is customary to nlace the eoaled side in. 
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It is best to hold the plate by the thumb and fingers in one corner, 
rather than by inean.s of the pneumatic holder, for the iron plate is 
so thin that it bends and buckles under the atmospheric pressure, 
and hence leads to uneven coating. The coated surface must not 
show chipped j)laees oi' scratches in the enamel, pre.servative.s being 
used if tlie plates ai'c not immediately wanted, and generally for those 
■intended for lantei'ii slides. IJrying of the collodion should be pref¬ 
erably at a temperatui'c not exceeding -4.5°, and in order to ascertain 
whether the plates are in proper working order, it is discreet to develop 
one plate without previous exposure, developing for about one minute, 
washing and fixing. When properly prepared, the Idack enamel 
.should not lic dulled l)y the silver deposit, the appearance of the plates 
l)cing trausiiareut and without bubbles or specks. The coated plate 
is .sensitized in (lie usual .silver bath, as ha.s lieen described, and then 
exposed in the caiia'i’a.* Glycin and hydroiiuinone are suitable 
developers, the application of which will Vfxry from fifteen to twenty 
.seconds. Tlu' ferrotyiie developing .solution of J. Spiller is as follows. 


Ferroas sulphate ci'vstals. lOO gr. 

Potassium nitrate . .. ] lO gr. 

(ilacial acetic acid . . . .5 II. drams 

Nitric acid 42° Be . .. .... . 20 minims 

Water, sufficient to make -.It) fl.oz. 


As soon as the image has fully appeared the plate is well rinsed, fixed 
in pota.s.sium cyanide .solution,® dried, when the proces.s is complete. 

’ 'fliis procedure gives a .silvei-y whiti' deposit of «ilver, which contrasts 
strongly with the black enamel background, and hence produces 
.sharp lines and a clear-cut and pleasing efiect.* In order to protect 

1. Tn placing the .sensitized ferrotyi>o plate in the camera, it should rest upon 
pieces uf clean lilotlinn pa|)cr placed in the lower corners of the plate holder, 
and t'.is shouhl he hacked uji with a ripid support, c.p., a .sheet of pla.ss or stiff 
eardhoard, to prevent the spring.s on the door of the dark .slide bulging the cen¬ 
ter of the plate outward. 

2. Uyion inixiug ferrous .sulphate with potassium nitrate and free nitric acid 
in the iiuantities aliove staled, ferrous nitrate and potas,simn sul()hate results 
from the interaction, this giving a winter deposit, it is claimed, than when fer¬ 
rous sulphate alone is u.sisl. Ueohol is sonielimes added in the yiroportion of 
4 -!>% by volume, to assist in the reaelion and |)enetra1ion of the collodion liy 
the developer. The color of the silver deposit may he changed by the introdne- 
lion of various developers and eolor-.sensitizers such as pinavordol, honioeol, ete. 
the coldness of the wnite image being timed down to a pink shade, resembling 
somewhat that of flesh tint. Color .sensitizers often make the plates .syiecdier 
and work more clearly, and are less apt to fog. 

if. Prepared by dissolving 1 oz. jiolassinm cyanide in 20 oz. distilled water. 

4. Among tile piTservatives for ferrotypes a (i’/J, solution of rock candy in distilled 
water has liCen recommended, care lieing exercised not to overheat the plate in 
drying tlie preservative. .\(|neons gallic acid lias also Ih'Cii recommended for 
lids purpose. The \'arlous preseryalives undoubtedly exercise a great influence 
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from scratchiiif:, the ferrotypes are usually carefully varnished with 
a transparent coating, h'y,. mastic or sandarac in “ benzol 50% ” hav¬ 
ing been found very satisfactory, especially if the resin-benzol solu¬ 
tion has been properly clarified by paper filtration previous to use. 
The ferrotype is not cut down to the edges of the imago until after 
varnishing. 

If the plate is developed for too long a period or has been over- 
e.xposcd, the shadows will be indistimd. and veiled, while if the e.\po«ure 
has been too short or the jilate underdovelojied, the shadows afipear 
too black. In any event, the dc'velojiment is to be stojipcd a.s soon 
as the detail apjiears in the darker poi'tions. With glass it is possilile 
to examine tlu' imag(> by transmitted light, and it will be observed 
that the best pictures result when the image is thin and free from any 
veil, any prolongation of di'veloimient beyond this stage jirodueing 
an inferior result from obscuring the definilion of the image.' 

Photographing on Wood. In jihotography on wood for wood- 
engraving purjxi.si'H, collodion emulsion has been found very satis¬ 
factory as it proiluces a photographic film sufficiently thin to jiermit 
of subsciiuent tool work without chipping. The wood block is jn'e- 
jiared in the usual manner by a gelatin substratum containing zinc 
oxide or other white pigment. It i.s advisable to wax the back 
and edges of the block to render it waterproof. Ordinary collodion 
emulsion is preferably diluted with about one volume of alcohol-x'ther, 
the block being coated in the usual manner. The de^’olopIncnt, which 
is done in the hand, should take less than five minutes. .Any alkaline 
developer may be used, the following being I'ecommended by 
H. Klein;'* 


AA'atcr 

10 

oz. 

Mctol. 

7~> 

gf- 

Sodium .sulphite . . . 

1.25 

uz. 

Sodium carbonate . 

1.7.') 

oz. 

Potassium bromide; . . . 

Ill 

fO'- 


on the speed of the ferrotype prooe.ss, a suitable preservative beinp; selected accord¬ 
ing to the recpiirements of the operator, after (■xpi'ritnenlal trials. 

1. .'Vccordinj' to I.oppo-Uramer (Z. ('hem. Ind. Rolloide, 10011, .1, 1:15, 170) 
gelatin plates pive a blaeker, better negative Ilian collodion iilales, Ijecause pcl- 
iil'm is a better colloidalor and gives a silver nior<‘ eairable of ad.soriilioii. The 
ferrotype may be obtained from gelatin plates, using a developer containing a 
solvent for silver bromide, or from a collodion plate coated with gum or tannin. 

2. “Collwlion Emulsion,” 100.5, p. '10. Tbe inetol is dissolved in water 
iKiforc the suliibate i.s added, subsetpiently diluting with an e(|ual volume of 
water. Edinol (patented dcvcloiier of E. Bayer & Co.) is also recommended, 
(llycin ap[>cars imsuitable because the silver ileposii is of a yellowish-gray color, 
and does not bring out the fine details in roHeeted light. It i.s fixed in sodium 
hyposulphite (thiosulphate) 1-1. If a small iiuantity of glycerol be mixed with 
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It iy iinpoilaiil to wet the block ay little as iiccessar}’, and to see 
that nothing remains on the surface which might clog up the engraver’s 
tools, or cause the wood to become friable, which impairs the life of 
the plate by causing the delicate lines to crumble away and blur. 

Isochromatic Collodion Emulsion. E. Albert, ^ who was the 
first to prepare color-sensitive collodion emulsions of high rapidity, 
has pej-fected an emulsion called by him “ Eos,” which is made iso- 
chromatic for three-coloi' photography by dissolving the silver salt 
of cosine in ammonia, and neutralizing the alkali with ])i(;ric acid, 
the i)i‘eparatioiL containing silver eosidc and amnioiiiiim picratc. 
By this treatment the tendency to fog is prevented while the amiiKjnium 
picrate al)sorbs the ulti-aviolet rays- The emulsion is flowed on the 

the emulsion it will niako it more flexible and also act as a preservative, and so 
insure (]\iickftr development and more brilliant detail. 

The ]mteute<l (E.P. So7S, l‘.)()0) process of .1. Paterson, W. Dickson and G. F. 
Kerr, relat('s (o a inetliod of ol)tainin^c a printinj;-surfac,e on a litliograpbic stone 
ur the like from a photoRrapli. If tlie sul)]ect to be printed in monochrome 
is a wash ilrawins, etehinj?, or other picture, a ]')hotograi)luc reversed negative 
is obtained from the pictuix‘ in tljo usual way, preferably through a screen. A 
p(isiliv(5 is printed from this on glass. A glass is coated with stripping collodion 
(colhHlion and (jastor oil) stained with a non-actinic dye, ovei' which is coated 
a layer of bichronvaled gelatin, 'this film is exposed under the positive almvc! 
rnenti{)iu‘d, and the negative obtained is developed with water. Tt may thou 
bo treated with dye to render it more \isible. A piece of transparent paper is 
s(|UR 0 zed on the surface, and the negative film with the collodion film is stripped 
from the glas.s. A .st'cond slieet of transparent paper is siiueezed on the collo¬ 
dion film, the first piece of paper l)eing removtsl. The film is then .s(juoezcd 
on the lithographic stone, the .soeorul sheet of paper is strippeil otT, :md the c<il- 
lodion is removed l)y a solvent. Transfer ink is then applied, amt penetrates 
through the interstices of the negative to the stone, a positive printing-surface 
l>eing thus produced. The al)ON<‘ method may be applied to tlie three-color 
process. 

1. Pilot. Zeit., ISSH, 12. Ififi: abst. J.StM.. ISSS, 7, OIK); Phot. Corr., 1807, 
tU, PKl; D.P P. illOOS, 1SS7, Sci. Am , ISSS, Dec. S. See also OrlhroohromatiJ 
Uolhxlion Emulsion,’' Ivler, Phot. Archiv , ISSS, 211, 177; alist. J.SX’.I., ISSS, 
7. 000. For “ Photograpliing of Paintings by Means of Eosine Plates,’' see v. 
lliibl, Phot. Runds(.!h., 1St)3, 7, 

2. AnK!rt lias also showm llutt a solution of lesculin, although colorless, changes 
the uhraviolci into fluorescent rays, and lliat jiot.assium bichromate absorbs the 
violet immediately and c<«npletely, even in (piite diluti' solutions. An important 
factor in thri‘e-color nc'gatives is to get the plate as -scuisitivc as possible to re<l. 
('yaniii was the first dyestulT ]>roposod which did this satisfactorily. Pinacyanol 
(b.H.P. 17211S, 1750:14, 178088) is a very satisfactory red sensitizer, especially 
in the length of time which pinacyaiiol-scmsitized plates will keep sensitized. 
Erythrosine or pinaclironu* (D.H.P. 154475) are good sensitizers for green. For 
collodion emulsion sensitive to re<l, 1 gr. pinacyanol in alcohol 2 oz,, and this 
added to 200-225 oz. collodion product's aljout the right intensity. After the 
collodion is flowed on a glass plate, and has hardened from evaporation of the 
eolvent, the excess of dyestutT is roniovotl f>y washing the surface of the plate, 
the same as with gelatin plaU's. 

N. Amatiitz (‘‘Photo-engraving,” 1007, 557) gives the following method for 
determining if the darkroom is safe for rt'sensitizetl ]>lato.s: “ Put a cyunin-sonsitizfsl 
plate into a plateholdcr in ulisolute darkness, pull the slide of the plateholder half 
way out, and expose the plate to the light used in the darkroom for from tliree to 
five minutes. Develop the plate first in the dark and see if tliere is not a truce 
of exposure on the half which was uncovered to the darkroom light.” As sensitizers 
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plate in the dark I'ooin, in the same rnannor as with ordinaiy eollodion, 
when the plate is ready for exposure. When photographing through 
the blue-wolet screen no sensitizer is required, and when photograph¬ 
ing through the green screen, a sensitizer furnished Iry him and called 
“ A ” is u.sed. The exposed plates arc developtal in the usual nianuei’ 
with liydroquinoii. As the emulsion is not as sensitive as gelatin, 
strong illuniinati.in or a relativeh' longer exposure is necessary. 

Collodion in Color Photography. In the method of the Milev 
Color Photograph Company of New York* .sepai’ale pigment photo¬ 
graphs are made on hicliEomated g(^latin films, having inert i-ed, yellow 
and blue pigments resjii'ctively, which have a color value substantially 
that of the pi'imary color it ivpi-esents. .\ layer of collodion is dii'cctly 
snperimpo.spd on the jjigment layei-s, belwis'ii the sitiface of the 
film and a thin layer of wa.x on the surface of the temporary support, 
(i. Selle- coats a glass phde with a rim of gelatin and an emulsion 
of zinc white in collodion is ])oured over if. \Mien the emulsion has 
dried it is coated with a solution of pyroxylin in tunyl acetate to water¬ 
proof it. The plate is then sen.sitized in the regular way. In another 
method,'* colored ])holograpliic })i’in1s tire proihiced by using as the 
sen.sitized material leuco-bodi('s of oiganic dyestuffs dissolved in col¬ 
lodion, leuco-nifdachiti' green being specifiecl. .\n alcoholic solution 
of the color is talded to a collodion solution, the image bc-ing fixed by 
dissolving off the unconsumed leuco-body by the aid of cellulose 
nitrate non-solvent, stich as chloroform. The sensiti\-eness of tla' 
preparation may be increased by the addition of cert.ain oxygen 
carriers such as quinoline or jiltitinic cliloride. It is claimed this 
process is especially suitidile for ti'i-color photograpTiy. In jiroditc- 
ing colored images by bleaching out,'* the dyestuffs of the gi'rmp know.i 

for colloilion emiil.-ion, pin.'ivcrdnl 0.2% in alcohol, 1 oz. to g.*! oz, collodion 
craiilsion has been found to work .satisfactorily, h'or panchromatic work, aJwnc 
strength (tf pinaverdol li oz ; tt.2fi othy! violet, t oz.; collodion ('innl.sion 100 oz. 
for red sciisitivcnc.ss, pitiacyariol 0 2%,, i! oz., in collodion ciiiutsioii ]()() f,z. \,s a 
darkroom .s.afc light may he mentioned naphthol yellow in collodion flowc 1 
over two ground glasses placed face to face. This 'is wife for slow jilalcs not 
overly o.xposcd. Aurantia collodion, anramiii<> collodion and chry.soidin collodion 
are deeper. A bright red .screen ni.ay he hintu'd from na()hlhoi'yellow anil con¬ 
centrated methyl violet. According to S. Wliepherd, a safe light 'for red-sensitive 
Jilalcs i.s ol)t.ained by coating wdth coIiiKlion stained with lirilliant green (1., two 
gelatin plates stained in najihihol vcllow and aurantia sohifion rc.spectively. 

1. U.S.P. 711,S7.5,lil()2; E.lMTdS,1,11)02. 

2. E.P. ]2,'-.l,7, ISDt); S.10S, lOtB. F. Bayer & Co., E.P. 2:!722, lOOii. Sec 
E. Shepard and O. B.artlelt, E.P. 2.12.‘!1, 1902. The Franklin Tarsulat, E.P. 1107:i, 
1903, treat collodion emulsions with di-iodo8uiirescin to incrca.so tlieir .sensi¬ 
tiveness to parliodar rays. 

3. Mci.ster, Lucius & Briining, E.P. 4991, 1904. See (!. Sollc, E.P. 12,510 ISO')- 
G. Ser.shall, and J. Kirk, E.P. 17122, 1807. 

4. H. Stobljc, D.R.P. 2011993, 1907; fiilgides are anh.ydriile.s of the fulgenio 
acids obtained by condensing certain aldehydes and ketones with esters of ila- 
conic and tcraconic acid.s. Cf. Ber., 1904, 37, 22;i7; 1907, 40, 3372. 
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as “fulgides”! are decoloi'ized by the action of light, especially in 
presence of ether, chloroform, gelatin, collodion, etc.; their sensitive¬ 
ness is further increased by iodine, nitrobenzene, phenol ethers, and 
essential oils, dccolorization being complete in less than one minute 
in some cases. It is pi'oposed to utilize these “ fulgides ” for the 
production of coloied prints, for example, a red and a yellow “ ful- 
gide ” and a dicyauine oi’ pinacyanol may be applied to paper, which 
is sensitized by phenetol and exposed under a suitable negative. After 
removing the .sensitizers by benzene, the jn'ints arc stalde in the dark. 
It is possible to make Ihciu stable in light for a .short time by treat¬ 
ing them with a gum or I'esin, which dc'laj s further bleaching of the 
dyestuff. 

I'. E. Ives 2 has patented a method of making a colored photogi'aphic 
))rint, which is cariied out as follows: ('lean sheets of gla.ss arc leveled 
and coated with an annd acetate i)yruxylin huapier, being allowed to diy 
spontaneously, although bust (races of solvent may be driven off by 
artificial heat. The pyro.xjlin surface ,su])j)ort is flowed with a solu¬ 
tion of fish glue^ and ammonium luchromatc, .spread with a photo- 
engraver's whirler, and diicd by moderate heat while whirling. The 
collodion film bearing the bicln'innated fish-glue coaling, is stripped 
from the glas,s and exposed to daylight or the electric arc to render 
the gluC insoluble, with the colloilion side next to the iK'galivc. Hy 
immersion in running water the ))rint is fully developed in a few seconds, 
those portions of tlu' .sensitized coaling which have not been acted 
upon hy the light being dissolved and washed away, leaving a relief 
Iiriiit which nia\' at onc(‘ be immersed in an aqueous dye-bath, such 
as a .solution of “ iiejhune green ” foi’ a iieacock blue print, a mixture 
of rhodamine and eosine foi' a crimson pink jirint, and brilliant yel¬ 
low for a yellow ])rint. They are sufiicienlly colored in not to exceed 
a few minutes, then rinsed off and hung uj) to dry. The print is in 
low ndief because of the very thin sensitized coaling in which it was 
produced. The finislu'd film color prints may bc' superpo,sed in regi.ster 
between glasses to make ti'ichromatic lantei-n slides or window trails- 

1. Soc (Irrard, K.I*. 20!M, ISS", (i. SfTaliall, E.P. ISlKi; .1. IT. Smith, 

and W. Merkens 24()l. I'.M)?) imxluco a photo^rapiiic film consist in;; of one 

or two layers of Idcach out (ly(*^ for two or more color f)hoto#;r!ipjiy, the basic 
dves restin^^ in the finished film In a Iay(‘r of nitrocxdluloso and acid dyes in layers 
oi' gelatin. 

2. TI.S.P. Improvement upon a method puiilished in Jour, 

of the (’amera (’luh, 1S!M. p. tid. J.S.t'.I., llUt), 29, 542. 

3. Celhil(jid films were, found to sliriiik and hucklc from the gradual evap¬ 
oration of the camphor, while gelatin was unsatisfactory because llie small amount 
of bichromale which may lx* incorporated witii it without eryslallatiou in drying, 
wa.s found to be too thin to bring out detail hi the prints from botli ends of the 
scale of gradation from black to wliite of the negative. 
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parencies, or upon paiKu- or other opaque wliite surface to make com¬ 
posite coloj' prints to bo viewed by reflected light. In making trichro¬ 
matic lantern slides, the number of reflecting suifaces is reduced by 
cementing two of the film color prints to glass, by laying them down 
on a wet gelatin-coated glass, and allowing to diy. They are then 
placed face to face, and the thii'd print, on a collodion film held in place 
between them, with the images all brought into registci', aft<'r which 
they are bound together to form the lantern .slide. The color piints 
may be su]X'rposcd on paper by pasting one face d(jwn on the jrapei', 
and after it has l)eeome dry by evaporation through the paper, the 
collodion print may be inilled off, leaving tin' print on the iiaper. The 
second print nitty then lie pasted down on the fust one to d likewise 
pulled off. The amyl iicetati'-eollodion is made by dlssolvini; ]lyro^yIin 
in amyl acetiite, or the trade-jin duct of suitable eon.sistency kiiown as 
“ albalinc ” mtiy be used.* In ti recent invention - collodion prii ;s 
and ciuematogTaphie films are first toned to obtain a suitable mono¬ 
chrome ground color, and then colored by hand or otherwise.- In 
preparing color jirints on paper by the bletieh-out process,'* it is neces¬ 
sary to use ji vehicle whieJi will ttike the three dyes and at the stime 
time pi'cvent tliein fi'om penetrating the paper, which limits the avail¬ 
able substances to gelatin, collodion, stareli, cellulose acctiitc, and 
albumen. The first two rcquii'c a resin coating on the pajier to pi'e- 
vent transfusion of the dyes. It is sulfieient to employ three acid 
dyes in gelalin on eollodionized jiaper, or tlii'ce basic dyes in collo¬ 
dion on gelalin or simple baryta-eonted pa]s'i'. 

Collodion Color Screens for Photography.* In the produc¬ 
tion of three-color screens liy the ])i'oeess of .1. Bam'b(>r,'^> sepai'ate 
•sheets of gelatin are dyed violet, green, and orange-n'd, the dyed 
■sheets are dried and treated with J.jf; formaldehyde solution, and 

1. Whatever pyroxylin solvent is used, the prfKiiict formed shouM not leave 
so porous a film as to absorb color in the dye baths and for tliis reason tlie onli- 
nary other-alcohol collodion is said to be unsuitable. For use of “urnyl acetate- 
collodion" in photography see Wilson’s Ma^;., HM)7, 44, d3S. 

2. Comp. (Jenerale tie IMioruifjraphos, Ciiieinatographes, et Appareils de Fre- 
cision, Pari.s. E.F. 147-13, 11)09. For the Dufay Diojitielirome Process see F. 
Dimmer, Phot. Pundsohaii.. 1910, 24, 143. For A.^kau Prints from Ne^ffitives, 
see J. llicder. Phot. Ilundsch., 1910, 24, 131, in which tran.^|)at•eIlce is obtaincil 
by liberal but careful ajiplicalion of zapon lacquer. See M. .\nthe.s, U.S.P. 
959092, 1910. 

3. W. Merkens, Hrit. Jour. Phot., 1910, 50, suppl. 1; from Hev. tech, indust. 

4. The practical worker shoul'l not attenqit to make his own color screens, 
for the makers of colored plates have seientifieally worked out the colored filters 
iKi.st adapted to their particular plates. Tlie filters (liereforc shoulfl preferably 
!)e purchased from tlio firm from wJiom the sensitive plates are obtained. 
The glass in color fillers should Ik* optically flat, and used in.side the camera in 
groovcfl slides, just behind tlie rear combination of the lens. 

5. E.P. 3252. 19()S. 
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again dried. The sheets are now inunersed in water until they arc 
fully expanded, and they are then finely gi-oiind, preferably at a tern ■ 
perature of about 200° F. The powdered gelatin is elutriated, for 
e.xample in petroleum spirit, and the three portions of colored grains 
mixed in such pi opoi tion as to present a neuti al gray tint by reflected 
light. The mixture is spi-ead closely on a celluloid or gla.ss sheet, then 
coaled with a solution of celluloid and a resinous gum, and the whole 
IS dried. If the screens be now exposed to the air, each grain will absorb 
sufhcient moisture to cause it to expiuid, and thus a continuous film of 
coloierl gelatin is formed. Kapid expansion of the grains may also be 
jiroduced by spraying with a solution of gelatin. The screens arc now 
JiiTssed between rollers, covered with suitable varnish, and again 
pie.ssed, when they are ready to receive a coating of sensitive emulsion. 

According to the description of (1. Whitfield’ a film of collo¬ 
dion or other veliicle is inoinited on a siiitalile support of glass, etc., 
and djed with an aijiieous or aleoliolic solution of one of the reipiired 
colons. A protective coating of india-ruliber, guttapercha, bitumen, 
or paraffin wax is then ai'iilic'd to cover a portion of the colored 
film in the fcirni of small siiots; this is preferably done by .spraying a 
solution of the jiroteetive agent in naphtha, ete., on the film by means 
oi an aeiograpli sprax' or similar dex'icc. The dyotulT is now^ removi'd 
fioni the uncox'eriMl jiortions of the film by dissolxmig or ble.acliiiig, .and 
tlie.se are then dyed with a second color, and a further scries of spots 
of the protective agent ajitilied to the film. This treatment is repeated 
with as many colois as reipiiretl (usually three), and tlu‘ protective 
enatings ai’e finally removed, the result lieing .a screen composed of a 
miiiiber of small adjacent areas eolmed with the different dyestulTs used. 

In another ri'ceiit method - .sheets of celluloid or other suitable 
transparent, plastic material are impressed in an etched metal line 
matrix, wlien a series ot jiarallel rccessi's is fornu'd on tlie slieet. The 
surface is printed witii printer’s ink, and tlie .sheet, after tlic baek 
lias been properly insulated, is stained W'itli an aleoliolic solution 
of a suitable dyestiitf: the ink is now removed, and the surface of the 
sheet printed w'itli a second color. If it is desired to make three or 
more color screens, the sheiUs are again impre.s.sed with an etched 
matrix, the resulting reee.sse.s being at riglit angles to the first .set. 
and the process r('|)e;ited. 

-In the preparation of “ Ommeofor ” plate.-,•’ after coating the 


1. E.p. nni4, !i(i!)3, ino.s. 

2. Vercin. Kiiii.siscitle-Ealii. A.-d., Kclslerbacli a/M,, E.P. 21,S;!!I PIOS 

3. The “OiiinifDlor Plates.” .\J. .Ii.iinla, Hull. sec. franc, pjiot ’»5 Pin 

1 I’lule,” Jb Liiumer, Phot. Ruiulsdiair 

s.l, 120; Phut, thriinik, l(i, 2(7. 
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glass with a gelatin or collodion film, nari'ow lines are inintod on it 
in fatty violet ink, the spaces between the linos being twice as wide 
as the lines. The plate is then bathed in a yellow dye (aqueous solu¬ 
tion?') which dyes the film between the violet lines, but does not 
penetrate the fatty ink. A second printing is made, crosswise, in 
light-blue fatty ink. This docs not show uiwn the violet lines already 
printed, but givers green where it ci’osses the yellow spaces. The 
plate is finally batlusl in a red dye in aqueous solution, which pene¬ 
trates only the parts not (a)atcd with the inks and gives the red ele¬ 
ments. The interesting feature of the process is that ni'ither red nor 
green is appliea jjiininrily as such, the green being a mixture of Irlue 
and ytdlow, and the red a mixtun; of red and yellow. 

The J. Szczepanik method of making a three-color screen depends ' 
on the absorption of acid dyes by collodion and basic dj es by gelatin. 
Three gelatin .solutions arc dyed with suitable colors, then evaporated 
to dryness, finely powdered, mi.xcd in proper proportions and dusted 
over a damj) collodion j)latc. The dyes transfu.se into the collodjon, 
and the powder may then be washed away, leaving a three-color 
mosaic of very fine grain and gi'eat transpaix'npy. 

This dllTers from the Szczc'panik-Ilollborn “'Veracolor ” plate- 
in that with the latter thret'-gelatiu or gum solutions arc d\('d 
.sepai’ately, evaporated to dryness, and j)ulverized. Tin' i)owdei's ar(' 
mixed and dusted ov('r a moist collodion plate. The color triinsfuses, 
the pow'ders are wiushed off and the silver (miuksion coated on the dyed 
collodion. 

R. Rerthon has obtained protection for a tlm'e-color photo- 
grajihic process ^ in which photographic jilates or films'are prepared, 
having on one side a panchromatic emulsion, and on the other .side 
a series of vei’v small transparent .sphei-oidal grains or cylindi'ical 
br.uds, close together; these may be formed by embossing a gelatin 
or celluloid film. I’lates made in this maimer arc c.xpo.sed with tlie 
emulsion fai'thest from the lens, behind an objective in which is fixed 
a screen composed of the three fundammital colors. The resulting 
negative i.s reversed, and may then bo projected through the objective 
and screen, giving a colored projection. The grained or embos.s<'d 
screen acts as a series of lenses in front of the emulsion, causing 
the separation by refraction of the images of the screen projected in 
microscopic size at points close together on the sensitive film; the 

1. F. Limmcr, Phot. Korr., 40, 37.3. 

2. Z. ans. t'hera., 1!M)S, 22, 14. Sec A. Uaiiingartncr’s process, E.I’. 2213S, 
1S!I.'). 

;i. E.P. lOGU, loot). See also 0. Wilt, D.R.P., W-14 j64, 181)3. 
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result is similar to that obtained by a grained or lined screen, except 
that in the present process moi'o light passes to the emulsion. 

The United Artificial Silk Company ‘ prepare a screen by inipixis.s- 
ing close parallel lines on a celluloid plate with a grooved roller. The 
tops of the gi'oovos arc covei-ed with print ins-black, and the plate 
dipped in a blue dye. The black is removed, the line-structure printed 
crosswise, the black applied again, and the plate dipped in green dye. 
The black is removed once more and the plate again dipped, thi.s time 
in a red dye. 

The invention of F. Dyer ^ i-elates to the preparation of grains or 
particles suitable for straining for u.se in preparing color screen j)latos. 
Mxceodingly fine filaments of collodion, celluloid, or similar .substance 
are fi'rmcd by pa.ssing their solutions, separated into thin films or 
othei' attenuated form, into an “ electrically jxilarized atmospheric 
fu'ld, produced by the convective pa.ssage through an atmospheric 
medium of an electric current of high tension.” The volatile .solvent 
is thus evaporated, leaving very fine fibers or filaments, which are now 
rendered brittle by cooling, e.g., by liquid air. While brittle, the 
fibers arc ciushed to jjowder, and the particle.s .sifted to .suitable size 
and stained in the usual manner. 

A. Lurniiire & Sons^ jn'ovide their plates for color photography 
with a multicolor filter comjjo.sed of filter films for the different ele- 
mentaiy colors. In ]ilace of the heretofore used glass, shellac, gelatin, 
and the like bits, starch cells, yeast spores, bacteria, and the like, 
of (h finite form and sine, appropriately colored, are employed, being 
!il)plied to the plate with a fine bru.sh in as nearly as ])os.sible a solid 
singk' layer, with a vehicle of preferably a mixture of gelatin with 
glvc('rol or sugar, the whole being given a coat of varni.sh best com- 
po.sed of a solution of scammony resin in amyl acetate or the like. 
Two layers are built up in this way, and the combination colors, in 
addition to the red, blue, and yellow colors given to the ultiraates 
used, are produced where the appro|)riately colored particles arc 
superposed one upon the other. The usual polychromatic silver 
bromide gelatin sensitive film is formed upon the surface. 

Collodion Emulsion and Photospectroscopy. Until recently, 
but little attention has been paid to the use of collodion emulsion 

1. F. Limmer, Phot. Rundschau, 1009, 23, 297. 

2. U.S.P. 94700r), 1010; also E. Spilzur, E.P. 2-10, 1000. 

3. D.R.P. 172H51, 1004. See Lunuerc, F.P. 400044, 1009, and First and 
Second AdditionH thereto; K.P. 20273, 1000; 4012, 5377. 1010. The^ author 
lias prepared simple color filtorR by dissolving a paper-ftltereii pyroxylin in <^ 0 ual 
volume of alcohol and ether to a 0% solution to which the desired dyestuff in 
amounts of 0.1-0.3% ia added. The colored ctillodion is poured over a care¬ 
fully cleaned glass plate and allow.'*d to dry in a warm place free from dust. 
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for spoctrographic work. In tlie oarlicr days of collodion photog¬ 
raphy it is worthy of note that W. Abney prepared a (iollodion emul¬ 
sion sensitive to 7-ays of a wave length of A= 20,000 U., photograph¬ 

ing the solai- spectrum to A= 10,000 A. U. Aeeoi'ding to Phil. Trans., 
ISSO, jVhney ]7i-('i)ai'ed an emulsi(jii which wii.s sensitive to the ra>-s 
ei7utted from boiling wiiter. 

According to 11. 0. Klein, the great pi-og7-ess in orthochromatie 
di-y phite manufacture—tlie valuable qutilities of the older processes, 
so eminently suit.alde for spectroscopic woi-k—were for the time 
bi'ing ovei'lookcd. However, the inei-eased interi-st in collodion emul¬ 
sion as the le.sult of the rapid expansion of three-eoloi- work have 
srreatly simiditied the pi'ocess, and the advi'iit of the hsecvaiiine and 
other dvestuffs have once moi'e di’awn tiie attention of the specti'og- 
l-aplier to the valuable (|ualities of collodion, chief among which in 
this connis'iion may be mentioned: 

1. Fineness of silver grain. 

2. Possibility of sensitizing for .almost evei-y wave length without 
the u.se of light filh'rs to e.xclude i-tiys of short w.ave lengtii. 

3. 8en.sitiveness, including the usually voi-y pronounced minima 
at A-4,t)00 to :),;«)() A. U. 

4. Uollodion emulsion sensitized with jhiiacyanol or dicyanin 
will recoi’d lines up to A—S,l)l,') .V. F. 

A great point, in favoi- of collodion emulsion is the e.xcellent defini¬ 
tion of the lines, which pei-mit of considerable amplilication without 
.showing the .silver p;u-ticles, and this is im)jortant with instruments 
with limited disper.sion—.so fi-ecpiently employed hn n7(aisui-ements— 
whei'C c)-itic:il accui'acy is not C7illed for. The color sentizei-s i-ec- 
ommended by Klein ai-e the tluoi-esceins, i7inachro77 7e, jhnacyanf)!, 
pinavei'dol, dicyanin, hoinocol, I'.se-ol, and ortho hi-o lu'. 

The Collodio-Albumen Process combines niaiiy of the best 
p( 7 int.s of 7 dbumen ;ind collodion films. .Many niodifications Inive been 
published, one of the sii77plifi(*d p7-(7ce,s.ses beiiig 7i.s follows: The 
collodion should be old, and the phite washed well aftei- being collo¬ 
dion coated, until appanmtlt' :dl ti-aces of solvent ha.s been ?-emov('d. 
After draining, the collodion is coati-d with iodized idbumen pi-epai-ed 
by adding 2 drams w-ater containing It) minims ghiihd acetic acid 
to 12 oz. fi-esh e.gg albumen, which is filtered, neutialized with ammonia, 
and iodized with potassium iodide 70 gr., .ammonium iodide gr., 
in water 1 oz. The sensitizing bath consist.s of silvei- nitrate ,50 gr., 
glacial acetic acid 45 minim.s to 1 oz. water. The di-y phvtcs ai'c 
allowed to remain in the bath bi-tween forty and .sixty .second.s, depend¬ 
ing on the temperature of the iitmosphei-e. After removal from the 



CELLULOSE NITRATES IN PHOTOGRAPHY, EMULSIONS, ETC. 885 


l)ath they are thoi'oughJy waahed, the plate flooded with a 0.3% solution 
Sallic acid, then allowed to diy. Plates so prepared are said to keep good 
for years. Photogi'aphs obtained fi-oni .such plates have a very clear 
definition, finely griiined surface, !ind on account of the long time of 
exposure, overex})osure can I'widily be corrected in the development.* 

Silver Phosphate Emulsions. Accoiding to E. Valenta^ this 
is best prepar('d by diluting loOO cc. •!% collodion with 2,50-300 cc. 
ether, mixing in 25-30 gm. phosphoric acid (sp.gr. 1.2f).")) and .50-00 
gin. citi'ic acid previously di.ssolvi'd in 100 cc. alcohol; 70-7.5 gm. 
silver nitrate is dissolved in 75 cc. water and 150 ec. alcohol added, 
and the two solutions combined in a yellow light. To ncuti'alize 
the free niti'ic acid liberated, -1-8 gm., finely powdered lithium car¬ 
bonate is added in small iiortions, continuing the addition as long a.s 
carbon dioxide is liberated. Finally 20 cc. of a liquid containing 
equal parts of glycerol and alcohol is added and the whole filtered 
through cotton. The emuLsion is applu'd to pajicr as described undei' 

*■ Collodio-chloride Pfoc('ss ” and is said to be three to four times as 
.sensitive to light as ordinary collodion i)ap('r. From strong iiegativc.s it 
gives prints janging in coloi' from .sejfia to black without toning; or it 
may be toned after washing in the regular gold or platinum baths. In 
a subsecpient communication ■’ t’alent.a advi.ses jeplacing a portion 
of the silver nitrate by ammonio-silver nitrate, cliiimiiig that the 
brilliancy obsej'ved in collodio-chloi'ide emulsions by the addition 
of anmionium nitrate is e(|ually apparent in phosphate emulsions. 
The emulsion is prepiu'cd by mixing l,.5(t() cc. highly rnscous collo¬ 
dion of 3-3.5',',' .strength with an alcoholic .solution of 00 gm. citric 
acid and 20 cc. of a 20'V jdiosphoi'ic acid .solution. To (iO-SO gm. 
[)owdcred .silver nitr.ate, cone, iimmonium hydroxiih' is added, until 
the ])recipitat<' first formed just redissolves. 'This i.a warmed and 
mix(‘d with 2.50 cc. absolute alcohol. This ammonio-silver nitrate 
soluiion is introduced in small (piantities at a time, with agitation, 
lo the fii'st .solution. Finally 2.50 cc. ethei’ is mixed with the liquid, 
which is then filtered through cotton and eventually 10 cc. each gly¬ 
cerol and alcohol added. Tai'taric or oxalic acid cannot satisfactorily 
rejhice the citric acid. 

Reproduction of Image.s on Glass, Ceramic, or other Surfaces 
by Collodion. .According to AI. .\nlhes and E. Lloyd Ltd.,^ the 

1. Brit. .lour. .Almanac. IHTfi. 101. Collodion giving a “porous” film is 
rccominendcd. To nialcc ordinary collodion "porous” add a small quantity 
water or a small amount of sodium carbonate, after wlncli the pyroxylin solution 
i.s filtered. 

2. I’hol. CoiT., inno, tltt; Jour, of Phot., 47, ;12.5. 

3. Jahrsl). I'hot., ItHHl, l.'iO. 

4. K.P. 24211, l'»07; abst. .T.S.C.I., ItlO.S, 27, 5!t2. 
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peiisitizing solution consists of anirnoniiiin oi’ sodium bichromato, 

2 gni., and a soluiilo carbohydiato, 4 gtn., dissolved in 5 cc. of watin', 
mixed with ni1roe('lIulose, 2 gm., dissolved in ether or acetone, 50 
CO., and alcolml, 150 co. The solution is applied to the surface to be 
provided with an image, dricnl, and c'.xposed to light under the design, 
after wliioh a suitable pigmcnit is dusted on the wai-med surface, and 
the image is d(!veloped by washing with wa1er, and finally fixed on 
the surface liy firing. The process may be applied to the reproduo- 
lion of images on wood or other surfaces when firing cunnol be resorted 
to; porous .surfaces .are enameled jirevious to sensil;>:iiig. A pernianent 
model for the design, on glass, maybe produced by llii' above proc- 
(ss fi'om which any iiiimbi'r of ri'productloiis can be oiaih'. 

.Subse(|uenlly ‘ it was found that more e\en films can be obtained 
by omitting thi' water, and using a volatile solvent or selvems I'or till' 
bichi'omate and the carbohydrate which are miscible wiih ihi' 'litii 
cellulose solution 'finis the sensitising solution consists ol a • ichro- 
mate of lithium, calcium, strontium, ammonium, sodium, potassium, 
copper, ()■■ iron, with a carbohydrate oi' glycerol, a solvimt, w’liich 
may consist of a mixture of ethyl alcohol or wood spii'it with ('ther 
or ethyl acet.ale, aiul a nitrocellulose soluble in the solvent used. 
The bichromates may be replaced by ]iolychromates or chromic acid; 
ill till' latter case, a difficultly oxidiznble hygroscopic substance, such 
as glycerol, is used in ])lace of a carbohydrate. 

They also discovered that images which will withstand w.ashing 
are olitained on ground glass or .similar rough surface by niea-iis of a 
si'iisitiziug solution containing invert, sugar, honey, or other carbohy¬ 
drate, a bichromate, and a volatile' solvent for the bichromate and 
carbohydrate. Suitabh- solvents are ethyl alcohol, wooil spirit, 
acetone, ether, and ethyl acetate, (llycerol may be u.sed in |)hic<‘ 
of a carbohvdrate, in which ca,se acetic acid is u.sed as solvent, and 
chromic acid as sensitizer. Itichromates of lithium, potassium, 
amiiionium, stioiitiiim, calcium, copper, or iron may bo used, as also 
may polychromates. The following is an I'xample of such a sensitiz¬ 
ing solution: I.ithium bichromate, 2 gm.; honey, invert sug.ar, or 
other carbohydrate, 4 gm.; ethyl alcohol or wood sinrit, 1(K) cc. 

In the manufacture of metallized papers and fims''’ a mixtui'e 
is made composed of 3 ('arts of powdered metal, o.g., aluminum, 10(1 
parts of collodion, containing about 3% of nitrocellulose, and 2-3 
jrarts of glycerol or castor or other vegetable oil. 'Phis emulsion is 
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contained in a trough and the paper to i>e proofed is drawn through 

it and then dried. Films are made by pouring the emul^Ott Qtt 9, 

polished plate and evaporating the solvent.^ 

Line Production and Half-Tone Work. Collodion is not 
adapted for fine line-work on account of a tendency to spread and 
hliii' due to refrangibility of light in the film and no corresponding 
lelleclion from the glass surface. In ordinary lino work, however, 
collodion is applicable, pi'efei'ably in the unsensitized fonn. In 
process work (line negal.ives) ami half-tone work 2 (screen negatives), 
the conditions are nearly opposite to those which exist in the prepara¬ 
tion of orflinary continuou.s tone negatives, opals or transparen(a'e.«. 
M'hereas in proci'.ss work the iK'gctives coni]jj'ise two tones only, i.e., 
absolute trans|)aren(y and entire opacity, in line negatives, grada¬ 
tions between these two ('xlrenies .are sought for, the absolute tran.s- 
parency being the clear glas.s, the spaces between the lines being of 
most pronounced oi)!ieily. Of llie vari(ms satisfactory methods whicli 
have been (h'velojx'd for ordinary line woi'k rt'production, all require, 
in addition to the silver bath, iron develojier and p(hassium cyanide 
fixing solution ,2 a redeveloping solution ' and an iodine solution.* 

1. Meistor, Lucias & Uniniiig (K.I’., t'lTtii), lSi)7) coat leather with a sensitive 
photographic film hy placing tlu' leather on a frame anil siiturating botli .sides 
with a 1% solution of collodion, .\flcr twent.v-four hours a film of sensitized 
gelatin is applied over llie eollodion. tlie latter proleeting the silver .salts in tlie 
eniuision, and the gold salts in tlie toning solution, from the reducing action of 
the ieathnr. 

'1. The name “lialf-toiie” is in some re.speets mi.sleading, in that there is no 
gradation or iiiilf-tnnes In the negatives, the image being composed of opaque 
dots ill a transparent field. Tlie half-tone effect |iroduced is due to the varia¬ 
tion in size of the dots which eiinipo.se ttie image. It follows, therefore, that a 
line iii’gative is essentially tlie sunie as a iialf-tone negative in character, the 
difl'erenee U'lng in the nieilKHl of produetion only. Therefore so far as the chem¬ 
ical iirocedore in tlie coating and Ireiilment of llie film is concerned, those proc¬ 
esses nhieh aie satisfactory in producing line negatives should lie equally applic- 
alile in half-tone work. 

:t. eollodion emulsion image dillers from (liat olifained in the wet collodion 
pi'oc'.is,s, in that tho latter is formed an tlie film, and not in it. Tlie image-forming 
siUer comes from tlie reduction of till' silver lialidc, usually tho liromide, wliicli 
l.lie developer reduces. This ap|)ears intensified liy slight underexposure, addition 
of yellow stain to ihe emulsion as amnioiiiiiiti picrate, tarlrazine or thiazol yellow. 
Till' plate may lie liackeil liy atlaehiiig a hlacic paper l.o the liack of tho plate by 
means of an adliesive composition. jrlyeorol in equal parts of alcohol anil 

water having been recommcudc.l. .\ccoiding to .\mst.utz (“Handbook of Photo¬ 
engraving,” 127) for line work or lialf-tone negatives in whicli contra.st i.s desired, 
the most accepluhlo comliination is alcohol (i oz., ether 10 oz., pyroxylin SO gr., 
ammonium iodide HO gr., cadiuiuin iodide 00 gr., and calcium cliloriile 10 gr. 
For regular half-tone work is recomuieuded aleoliol, ether and pyroxylin as above, 
ammonium iodide 4S gr., cadmium iodide 24 gr., cadmium bromide lii gr. 

4. A. Payne (“Tlie Wet ('ollodion Process,” p. 74) reconimends pyrogallol 
10 gr., citric acid 20 gr., dissolved in distilled water 2 fl. oz. And (Solntion No. 
2) silver nitrate 10 gr. per ounce of distilled water. Both solutions are said to 
keep well. 

0. A 1% solution of ioiline in w'aler and containing 4% potassium iodide 
lias liecn found the satisfactory rtrengtli. The iodine and iodide are triturated 
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The copy is fixed on tlie easel and earefully focused in the camera 
in the usual manner, vibration and stopping down of the lens boiTig 
guarded agiiinst, the copy powerfully and evenly illuminated, the 
sub.stratumed glass coated vrith iodized collodion and sensitized in the 
silver bath as previously described.* After exposure the plate is devel¬ 
oped in the iron developer just described, care being taken to stop tlie 
dco’eiopment as soon as a haze iippears over the fine lines, the plate 
being immediately thorouglilj rinsed and fixed with the cyanide 
solution.2 (Jreat care must bo taken not to overexpose. The negative 
may be intensified with a 3 % solution of pot.assium bromide, containing 
2b;, crystallized copper sulph.ato and .slighth'acidified with nitric acid. 
Wlnm the plate h.as been fixed, it is well waslu'd ® and then darkened 
by flowing over a 3b;, solution of sih'i'r nitrate in water. After the 
final rinsing, the plate may be varnished us pix'viously described. 

toRcthcr in a mortar with a small portion of tlio water until solution is complete. 
The solution shovilil Ixj ilocanted, not filleml, into the stock l>ottlc anil prosorvcil 
in tlip dark. The copper bromide solution ntay be prepared Ity liringing together 
a solnble copper salt and bromide in cfpumoleculur propovtiniis and filteriitj: oil 
the ctptric bromide precipitated, hut it is best to purcliase tlie dry cupric iiroinide, 
tile .stock solution being (ormccl by dissolving 1 part of the .salt to 20 parts of 
water. Tlie solution should lie carefully fiUered licfure u.sp. Tlie sib'er solu¬ 
tion whieh follows the copper bromide treatment is an 8% solution of silver 
nitrate in water, acidified slightly with nitric acid. A light-flow collodion which 
has been previously clarified by filtration has been found most satisfactory. 

1. The silver batli should be distinctly acid in order to produce a clear plate 
withno silver reduction other than that produced by the action of tho light. After 
removing the sensitiaed plate from the silver bath, it .should be examined by 
nun-actinic light, biith tran.smitted or ivfleeted, for the pri'sence of flaws, after 
which it is pul, in tlie dark slide and is ready for exposure iii tlie ciimora. 

2. After cxitosurc, tiie plate is dcveloi>ed with the fiTrous sulphate developer 
already given, the developnient iioitig stopped as .soon as a haze is apparent oi'cr 
the finer lines, the image lacing then waslied and fixt'd with cyanide in tlie tisiiiil 
manner. The bluish color which is formed is caused by a combhiatton of the 
iron and cyanide, resulting in the formation of ferrocyaiiliie. Overexposure 
re.sults in hazy, veiled lines, and if the veil or deposit is not removed by the reducer 
it is belter to take a new negative ratiier than endeavor to olitain a good result 
with the one in hand, remembering to reduce the time of exposure. On the 
other liand a weak image Imt with clear lines indicates imdcrcxposure. In 
order to obviate tlie pos.sil)ility of a deposit forming on tlie image, it is consid¬ 
ered good procedure to reduce each line negative to dissolve any veil tliat may 
liave fonned, but whicli would become evident u|ioii iiitensitication. A sat¬ 
isfactory “cutting solution’’ may be prepared by carefully discliarging the dark 
color from a dilute iodine solution by oxidation with potassium cyanide. This 
.solution is flowed over the image until the lines assume a clear-cut liriglit appear¬ 
ance, the plate lining then itnmedialely well waslied in water. The reducer must 
lie s])rcad over the entire surface of the plate and not poured continuously on 
one spot, or uneven dis.solving of tho image will occur. 

3. After a short rinsing, in which the water shotild not lie allowed to run on 
one spot on the plate, the silver nitrate solution is applied. Occasionally the 
plate docs not darken on the application of silver, the reason apparently lining 
connected with the amount of copper bromiile remaining on the plate. The 
washing should proliably cea.se as soon as the copper bromide is all removed, 
but this point cannot be accurately determined. 'The darkening of the image 
should lie continued until it apiicars black clear through to the plate, then 
thoroughly washed. 
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Tlie method of fomation of half-tone negatives does not differ 
much from tlie foregoing, the advantage of collodion emulsion being 
its isochromatic qualities, enabling the reproduction of more intricate 
objects, as red lettering on a black background, in which instance 
the wet collodion plate process is practically valueless. However, 
the character of an isolated half-tone dot from collodion emulsion 
plates does not differ essentially from that of a wet plate after proper 
Intensification and reduction.' 2 After the plate has been prepared, 
expo.sed and developed as previously explained, it is washed and 
fixed with p()ta.ssium cyanide .solution, and the dots examined micro¬ 
scopically.'* If unsatisfactoiy the plate is rejected and another 
exjjosurc made. If satisfactory the plate is washed and intensified 
in tlie copper bromide and silver solution previously given. The 
plat(! may, if neees.sary, he redeveloped with pyrogallol and silver, the 
value of whicli is qiu'.stionable. After washing, the plate is darkened by 
precipitating the silver tliercon as silver sulphide with l-2%a(jueous 
solution of sodium oi' potassium sulphides, well washed and dried.'* 

1. Spreading ot the light in the film necessitates a less screen distance, smaller 
stops, and more! exposure on wliite paper (■' ilashing ”). 

2. In order to obviate difficulties caused by ilepusition of moisture on the 
screen, tlie stutlio sliould bo several degree.s wanner titan the dark room, so that 
the lialf-tone scret'ti will be a degive or two warmer than the wet plate. 

11. The time of development should vary between one-half and one and one- 
half minutes, no accelerator or restrainer being used. Where large plates arc 
to be exposisl, the emulsion should be kept cool on account of the fact that the 
color-sensitizetl emulsion should be kept below U)-12°. The plate should Itc 
carefully protected from light, even excess of dark-room exposure. 

4. t'ollodion emulsion negatives may be intensified either by “physical” or 
“chi'inical” means. Von Tlubl in his work on eollodion emulsion, says; “Collodion 
emulsion plates may be intensified by physical methods, and whenever possible 
.such nu'lhods shoidd be made vise of. The cliendciil intensifier increases the 
density of the whole negative, but physical intensification deposits considerably 
more silver in tlii' high lights, increases the brilliancy of Ihc negative, without 
injuring the firii‘ details. For physical intensification, mixture.s of silver nitrate 
W'tli reducing sabstmiees, such as metol, liydroquiiuuie, and pyro arc used, and 
tile addition of an acid (acetic, citric, svdphurie) retard t.he reduction, so as to 
coiivi n.enlly control its cfl'cct. if a negative is llowcd wdth such a solution, metal¬ 
lic silver in a hue slate of division is ilcpositod onto Ihe silver particles of the 
picture. 

The lic.st results in collodion emulsion arc olitained with the following metol 


inleiisificr: 

A. Metol. Hi drams. 

(’itric acid. ‘A drams. 

Water. 40 oz. 

B. Silver nil rate. i oz. 

W'uler. 50 oz. 


The negative is well rinsed after the fixing, to remove every trace of hypo. 
A small quantity of “A” solution is poured over tlie plate to remove the traces 
of wafer. One volunre of solutmu is tlion mixed with ,71 volume of “B” 
solution, and the negative intensified in the usual way. It is remarkable tliat 
negatives take intensification liettcr if they liave been dried after fixing and 
washing than if iidensified before drying. 

.t colloilion emnlsion that will give a sharp half-tone dot, will, upon the 
addition of certain synthetic dyestuffs, even with comparatively largo apertures. 
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Collodion in the Manufacture of Balloons. For this purpose 
a solution of collodion not too thick is poured into a. flask of suitable 
dimensions, which is rotated to spread the liquid about uniformly, 
and then inverted to allow the excess to run out. The ether is now 
evaporated from the film which adheres to the glass-by Idowing 
into the flask udth a pair of bellows, whereby the collodion is left as a 
thin membrane on the surface of the glass. To withdraw it, the edges 
of the film are removed from the glass, a glass tube of suitable diam¬ 
eter is introduced into the neck of the flask, so that the balloon may 
adhere to it and the air is slowly drawn out with tlie mouth. The 
balloon then detaehes itself fi'om the ves.sel, eoniraets, and is easily 

show those same dots in an indi.slinct, blurved ai)pearance, tlie degree of indis¬ 
tinctness varying in intensity w'itii difterent dyeslulls. ' ■! i!ie \'ai'itms theories 
wliieh have been advanced to account for this tt- KIt'in’s a; sars most reasonable. 
He lielieves (“Collodion Emulsion,” liU).'), o'lj thi' cause “r > Ik du" to an evap¬ 
oration of the water during the soraewhat long ' xijosnre, wtii' (weitos vibra¬ 
tions of the atmosphere in immediate vicinity of the image, .uid • uses a blurring 
of the minute dots. This is confirmed by the fact.' that an unw lied plate iire- 
senting an alcoholic surface gives sharper dots thati a washed on that a eollo- 
dion emulsion made witli solvents containing a high pereem .e ol i.aler .sliows 
the same defect, and finally that plates which aiv e.v])osed in . o d jr.ems are Irei'r 
from it than plates exposed at. high temperatures.” 

According to von lluhl (Hrit. Jour. Pliut., 51. .No. JJSl, p. tid) Iho 

collodion emulsions generail}' used for jiroee s work are a.s a rule, seusitixi'd iiy 
means of silver salts which increase tlu; color-sensitizing action of any Uyestull 
The silver sails of the eosin group of dyestuffs have been employed fei this pur¬ 
pose, either alone or in ammoniacal solution. Emul.sion.s prepnied in this way 
have, however, low .sonsitivene.ss. Another method consist.-; m treating llie plate 
with a solution of the dyestulT, and, just befoiv exposure, immersing it in a dilute 
silver nitrate solution. These methods, liowever, all produce tilates which have 
a tendency to fog, on account of the presence of soluble silver conijiounils. The 
author points out that a dyestutT can only sensitize whi-n it stains the silver 
bromide of tlic emulsion, and circutnstances wliieh increase or reduce the staining 
power of tlie dyestulf will raise or lower the eolor-sen.dtizing action. Soluble 
bromides reduce and finally destroy t.lie stainingpower of dyestuffs, and consequently 
are to be avoided, but soluble el'iloridos have no hannful effects in this direction, 
therefore it, .appears tliat an emulsion containing silver cliloride and silver bro¬ 
mide, and made with a .slight excess of chloride, will give satisfactory results. 
In presence of ammonia, fine-grained bromide emulsions are easily obtained; but. 
in presence of arids, coarse-grained silver bromide is formed. The following 
method of preparation w-as found to give an emulsion of very fine grain and fairly 
sensitive, containing exce.ss of soluble chloride: \ stilution of .yO gm. of silver 
nitrate in .51) cc. of ammonia solution (sp.gr. tl.tll) to wh.ch 100 cc. of t»')% alco¬ 
hol has been added, i,s mixed in the dark witli 700 cc. of a A% solution of “cel- 
loidin-collodion” in ether-alcohol (I :2). To this is added gradually a solution of 27 
gm. of ammonium bromide in f 0 ce. of waier 1o which is added lt)0 cc. of a lithium chlo¬ 
ride solution, made by ilissulving 10 gm. of lithium chloride in 10 cc, of water, adding 
90 cc. of alcohol and filtering. Tiie emulsion is agitated thoroughly and allowed 
to stand for two or three hours, wdieii it is precipitated by the gradual addition 
of 300 cc. of water, with constant agitation, iMinred into 3 I. of water, and, when 
settled waslied by di-cantation, dried as far as possible, anil di.ssolvcd in a mix¬ 
ture of 3,50-4')0 cc. of alcohol and 400--.5')0 cc. of ether. The emulsion is about 
twice as sensitive as a wet collodion plate, and gives gradation similar to tiiat 
obtained on platinotype paper. Addition of a soluble silver salt does not increa.se 
its sensitiveness. Addition of a chromate gives increased contrasts, but reduced 
sensitiveness. Staining with eosin, however, has the same effect on the contrasts 
witliout affecting the speed of the emulsion. 
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withdrawn through the neck. It must be immediately blown out 
and tied to the neck, so that it may dry in the distended state. Small 
and thin balloons do not diminish much in volume as they dry, but 
larger ones contract strongly. This contraction, however, may be 
prevented by drying the balloon in dry air which is warm. Collodion 
balloons may be made much lighter than those of goldbeaters’ skin, 
so that much smaller ones will rise in the air, when filled with detonat- 
ing gas (2 vol. H, 1 vol. 0). They may be made so thin that a balloon 
containing 100 cc. will weigh only 0.03 gm. when empty, and 0.04 
gm. when filled with hydrogen. Now the weight of an equal volume 
of air being 0.13 gm., consequently such a balloon will rise rapidly 
in the air. Hydiogen diffuses quickly though thcii' pores. Collo¬ 
dion balloons become strongly electric through strong friction. When 
very thin they exhibit beautiful interference color. In oi'der to dccrea.se 
adhesion of the film to the interior of the llask, tlio latter may be 
rinsed out with 5 % castor oil in alcohol, the oil forming a pellicle on the 
'interior glass surface, to which the pyroxylin will not strongly adhere, 
Thc,so balloons usually appear in commerce 0, 12 and IG in. high.' 

Inflammability of Photographic Films. Valuable data as to 
the inllammability and dcc.oinposition products of pyroxylin photo¬ 
graphic lilins have been collected by C. Hall and W. Siwillingi' as 
(he result of an investigation of an explosion which occurred at the 
Ferguson Huilding, Pittsburg, Feb, 27, HK)!)," where ]70,000 gm. 
films in a vault ignited, then exploded, wrecking the building and 
injuring 50 persons."' As the result of lu-at tc-sts made, at 150° decom¬ 
position resulted in 24G seconds; at 155° in 115 seconds; and at 100° 
in 103 .seconds. Portions of the films were decomposed in closed vessels 
of sufficient strength to retain the g.a.ses and gave: 



A {in vacuo) 

H (I’fi lilnui) 

Whiter soluble ... 

. 3.7':,. 

.7', 

Nitrogen dioxide (Ni.OiO . . 

2S.5% 


Carbon dioxide . . 

. 

7.7',; 

Carbon monoxide. 

2(1.3'’,', 

H.2'; 

Hydrocarbons. 

.7',’; 

3.1% 

Nitrogen. 

.... 31.,V'; 

20.3% 

Oxy gen .... 


0 \C' 
_.l 

Hvdrogeii . 


IS.!)';;- 


1. See Sm. Michelin et ('ic., F.P. l.isns, ]91(). 

2. The NickehHleon, Kill), 3, M, 117; Engineering News, 1910, B2, 365. 

3. See Chem. Abst., 1910, 4, 3S3. 

4. All employee enlcrod.the vault with iin extension eleciric liffht,'which in 

some manner ignited a reel of film. The employee t hrew the ignited reel out of the 
vault into a room containing other films, slammed the vault door shut, when an 
explosion soon followed. i 
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Mixture “B” was found to readily form explosive niixiurcs with 1-5 
volumes of air. It wa.s estahli.shed that the type of deeoinposition 
of film of maximum aanger and explosive gas mixture can only be 
obtained under confinement at high pressure. 

The following suggestions, made by them, have particular reference 
to the danger of storage of photographic films and similar pyroxylin 
products in public buildings. The use of an unprotected electric 
light bulb in vaults used for film .storage is inadvisable. As tin; decom¬ 
position of film that produces the mo.st dangerous and exidosive 
gases can only be brought about under conditions of high pressure, 
and as the latter could not be produced in ii vault with an adequate 
outlet,* it is recommended that cvciy film storage vault be provided 
with an outlet pipe of at lea.st 2 .sq.cm, for each k. film to be stored 
therein, the pipe being so placed as to prevent acee.ss of sparks to the 
interior of the vault. Attt'niion is called to the fact that the burning 
of pyroxylin is very different in its nature from the burning of wood 
or other combustible substances in tliat fire from wood may bo readily 
extinguished by cutting off the supply of air, whereas pyroxylin 
fires cannot be extinguished by shutting off the air supply, since con¬ 
siderable oxygen is held chemically combined in the film, and this 
oxygen serves to continue cond)Ustion after all excess of air has been 
stopped. Steam or lu)t-watei' heating coils should not bo i)(umitted 
within the vault. For determination of stability of pyroxylin films 
and plastics, see Chapter XIV. 

Photographic Lacquers and Pyroxylin Formulas. Trirliruiiic 
Collodion Eniuldon (non-filtei). For use without light fillers. Mix 
sodium sulphite 10 oz., potassium carbonate in distilled water 20 
oz., hydroquinon 1 oz., in water 1 oz.; ammonium bromide 1 oz., 
in water 4 oz. 

Collodion Transfer Emvhwn. “ A.” Pyroxylin .50 gr., alcohol 4 oz., 
ether 4 oz., dissolve. “ B.” Silver nitrate 240 gr., w.ater \ oz. “ C.” 
Strontium chloride 60 gr., alcohol 2 oz. “ D.” Citric acid GO gr., alcohol 
2 oz. Take 2 oz. “ A;” add 80 drops “ B” in 1 dram alcohol and shake. 
.Add 1 dram “ C.” in small portions, shaking. Add 80 drop.s “ D.” 
shake well and filter. Prepare in dark room. 

Large Plate Collodion. Ordinary collodion is thinned with 2 parts 
ether and 1 part alcohol before iodizing. 

Ferrotype Collodion (Eder). Pyroxylin 6-S gm., alcohol 240 cc., 
ether 240 cc. When dissolved add .ammonium iodide 4 gm., cadmium 
bromide and iodide, each 2 gm. as iodizer. 

1. See “Fireproof Magazine for Uiuematograph Films,” A. Nolan, U.S.P. 
921273, 1910. 
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Dawann’s Colludion Emulx’wn. I’yi'oxylin S cadmium bromide 
7 gm., amnioiiiuin bromide 2 gm., ether (0.725), alcohol (O.SIO) of 
each 120 cc. 

Collodion Emidsion Varnkh. Acacia, 4 gm., water 40 cc., phenol, 0.1 cc. 

Line Plain Collodion. Pyroxylin 7-9 gm., alcohol 135 cc., ether 
325 cc. Allow to stand three to four days. Decant. 

Half-lone Iodized Collodion. Pyroxylin 12.5 gm., ether 335 cc., 
alcohol 275 cc., iodizer 55 cc. lodizer composed of cadmium iodide 
43 gm., ammonium iodide 29.5 gm., strontium chloride 8 gm., cal¬ 
cium chloride 8 gm., alcohol 000 cc. 

Collodion EmuUion Preaervoiive. Tannin 35 gm., gallic acid 13 
gm., glucose 13 gm., cone, acetic acid, 300 cc. 

Flexible Collodion Vnrni'ih. Sec tV)llodion Mexilc, Il.b.P. 

Gloufty Paper EmuMon. “A.” 4%p,vroxylin in alcohol I, ether 3, 
020 cc., ether 100 cc., alcohol 30 cc. “B.” Silver nitrate 25 gm., 
water 25 cc., alcohol 120 cc. “C.” Calcium chloride 4 gm., water 4 
cc., alcohol 5 cc. “D.” Citric acid 5 gm., water 5 cc., alcohol 20 cc. 

“E.” Castor oil 5 cc., alcohol 10 cc., gha^orol 5 cc., alcohol 10 cc. 

“B,” “C,” “D” and “E” are added to “A,” in above order with 
(borough shaking. Cives (llanneke) paper especially suitable for 
separate toning baths. 

Mall Paper Emukion. “A.” 1% collodion GOO cc., ether 140 cc., 
methyl alcohol 30 cc. “B.” Silver nitrate 25 gm., water 28 cc., ethyl 
alcohol 100 cc. “C.” Calcium chloride 4 gm., water 4 cc., alcohol 
40 cc. “D.” (’itric acid 5 gm., water 5 cc., ethyl alcohol 50 cc. 

“E.” Castor oil 4 cc., glycerol 4 cc., alcohol 10 cc. For use with a 

raw matt paper, i.e., \5T>ber’s malt baryta paper. 

Enotncl Collodion Glazinij Pvoecei^. Pyroxylin 3.3 gm., alcohol 
and ether each 120 cc. Clean ghass plate with chalk and coat with 
above. As soon as set, slide the plate face up in water in which the 
irrhit to 1)0 glazed is floating—face down. 

Collodion for Doable Tvouafer from Op<d. Enamel collodion 1 oz., 
('ther and alcohol each 1 oz. Flow over opal, allow to just set, wash 
in water' and attach soaked tissue, to it. 

LamberUipe (carbon with r-esplenderrt surface). Coat properly 
polished plate glass with pyroxylin 6.5 gm., ether 300 cc., alcohol 
175 cc., castor oil 2 cc. Allow to set, wash thoroughly in cold water, 
soak, squeegee, strip and develop the tissue in the usual way. After 
wa.shing, the final support is brought in contact with the print under 
water. The two are allowed to dry in the air, and when dry the 
collodion-supported irrruge is detached frorrr the glass, yielding a print 
with highly polished surface and transparent shadows. 
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Physical Testing of Collodion Films. In the use of cellulose 
nitrate films in photography, foi’ lac(iucrs, artificial filaments and as 
applications to leather in the formation of enamel and patent leathers, 
the constants of diameter, extensibility, tensile strength, freedom from 
specks, color and proportion of solvent present are of great importance 



tiG. 276.—The Randall & tilickiiey Taper (lauge for Detonniniiig Film Thickness. 

as factors upon which to base the suitability of a particular pyroxylin 
for a given purpose. It is only recently that the value of physical 
tests as criteria of the commercial applicability of a pyroxylin for a 
predetermined use, has, in the author’s judgment, been accorded the 
prominence which it deserves. 


CELLULOSE NITRATES IN PHOTOGRAPHY, EMULSIONS, ETC. 8tI5 

Diameter and Vniformily of Thickness are of value in photographic 
films, especially in continuous films. The Randall & Stickney paper- 
gauge shown in Fig. 276 is useful for this purpose, and consists of a 
bed-plate and hammer above, the film being interposed. The hammer 
is lifted clear of the plate by meaius of the lever shown to allow inser¬ 
tion of the film. The dial i.s graduated to thou-sandths of an inch, 
and determinations to one-five thousandth of an inch are readily made. 
By ruling off a film in eross-setions of a convenient diameter (say one 
inch square) and det ermining the thickness of a number of such squai'cs, 
the uniformity of diameter as well as the absrilutc thickne,s,s is obtained. 
If the applicability of a ceitain pyroxylin solution is under examiiia- 



Fig. ‘J77.—The Mullen Film Tester. 


tion, a film is fii'st formed from the solution as pjevinnsly described, 
and when dry sections subjecteil to the various tests. 

Tensile Strcw/lh ^ is of es])('cial import-am* in pyroxylin intended 
to be subjected to great wear as when used for cloth and leather cov¬ 
ering, and in cinematographic cameras. The Mullen Paper Tester, 
•shown in Fig. 277, is perhaps the most satisfactoiy of the inexpensive 
devices, being simply a small hydraulic press with a ('rosby .Standard 
Pressure Gauge attached, for registering the pressure exerted to break 
the film. The film is clamped over one etrd of a cylinder filled with 
liquid, as glycerol, with a flexible and thin rubber diaphragm between 

1. The statement frequently appears in the literature that eellulose nitrate 
made at a temperature a.s high as ti()° is not suitable for the manufacture of artificial 
silk and films liecause the high tenqieraturc of formation decreases the strength 
of the pyroxylin. In the author’s experience this is not so. 
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the film and liquid, arranged in such a manner as to require no pres¬ 
sure to actuate it, and serving only to keep the liquid from coming 
in contact with the film. By this method the liquid—which is the 
rupturing force—must conform perfectly to any irregularity in the film 
surface, or by reason of its being improperly clamped, and therefore 
the pressure will be uniformly exerted over the entire .surface of tlie 
exposed film. By turning a hand wheel at the other end of the cylin¬ 
der, pressure is lu'ought to bear on the gauge and film simultaneously, 
and through the .same medium—the litjuid.* 'When the film ruptures, 
the gauge hand ixmains stationary until next reset by a special attach¬ 
ment similar to that of a stopwatch, registering the nundjcr of pounds 
per squai'e inch ret[uired to break the film. 

Eluncjation and Recoil, often called the “ stretch ” and erroneously 
the “ elasticity,” is aseful in didicrmining the suitability of pyroxylin 
solutions as applications to skins and hides in the preparation of patent 
and enamel leather, where in forming the vamj) of the shoe the 
h'ather is subjected to considerable stretching. There is a wide 
variation in exhuisibility, i.e., the ability of certain cellulose nil rates 
to .stretch to maximum without breaking, and then return partially to 
original length. A film is cut to a strip 1 iii. wide and 12 in. long, 
and fastened on a graduated board. A weight is attached to llm 
end of the strip, 1 lb. for each thousandtli in. in thickne,ss having 
been found convenient. The weight is suspended by the film strip, 
and the elongation in five and ten hours noted. A 12X1 in. film, 
0.005 in. in thickness, when thus suspended with a 5 av. lb. weight, 
will increase in length from 5-20% in ten hours, and upon release of 
the weight will retract in length about 30% of the elongation. 

Freedom from Insoluble Farticles is of interest, especially in photo¬ 
graphic continuous films, the presence of which causes streaks and 
lines when subjected to the high magnification and projected upon a 
screen. The author is aware of no more satisfaef.ory method of deter¬ 
mining the suitability of a film for photographic purposes in so far as 
freedom from specks is concerned, than to place a portion of the original 
film, before being sensitized, in the camera and projecting it on a 
screen with high magnification. Paper filtration of pyroxylin solu¬ 
tions is no criterion of sufficient freedom from insoluble particles to 
be acceptable for photography or the formation of artificial filament.s. 

Color of films is best determined in a fg in. cell of a Lovibond 
Tintometer in the usual method of working with fluids. 

1. There is little cliance for variation caused by friction or lost motion, as in a 
tester where the force is transferred from the point where the paper is broken to an 
indicator by a more or less complicated system of levers and springs. 
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Seasoning. Clreat in-cgularity in the above tests will result in the 
use of films incoinpletely seasoned. It therefore becomes necessary 
in order to obtain comparable results, that the film be first subjected 
to thorough drj'ing at 40-45°, before being tested. The above series 
of tests leave rtuch to be desired in accuracy and control, but with 
the same instrument in the hands of the same manipulator for com¬ 
parative tests—in the absence of more accurate methods—admit of 
considerable information beijig obtained by one familiar with the 
industries. 

The Chemical Examination of Photographic Films is usually 
a comparatively simple procedure, where the sensitizing constituents 
arc not to be determined. The following method in the author’s 
hands has been fomid satisfactory for general work. 

From 5-10 gni. of the finely cut film is soal:ed in 20 volumes of 
warm water over night, and next morning filten'd through a tared 
Schleicher & Schuell extraction thimble, the residue washed with hot 
water and the thimble dried to constant weight. The difference 
between the original weight of samide, and watc'r-in.soluble residue 
is calculated as gelatin. The thimble is next Soxhlet extracted with 
petroleum other or benzene, the distillate evaporated tt) dryne.ss and 
weighed. If a continuous film is being examined the residue is msually 
a vegetable oil, as castor, added to impart flexibility to the film. The 
odor of camphor in the benzene-extract points to the presence of 
celluloid or similar pyroxylin plastic. If the film from a jihotographic 
plate is under e.xamination, the presence of rubber used to edge the 
plate' must be looked for in the benzenc-c'xtract. The benzene-insoluble 
re.sidue in the fat thimble is probably pyroxylin, with or without 
cellulose acetate. Filtration of hot amyl acetate through the thimble 
dissolves cellulose nitrate and docs not affect cellulose acetate, whereby 
a separation of these two may be made. The presence of gelatin in 
the “ .support ” in the film may be determined qualitatively by placing 
a drop of nitric acid on the film, which (magulates and turns the gelatin 
yellow, while at the same time dissolving the cellulose nitrate.^ 

1. According to E. V.alcnta (.ttclier phot,, 10. 3) photographic papers should 
consist chiefly of best rag .stock, though most are principally purific<l cellulose- 
they must contain practically no metallic particles, since these arc the chief cause 
of spots. The author’s method of testing faulty silver bromide paper is; (1) dot 
the back with 5% aniline sulplmte, when imperfectly purified cellulose w'ill turn 
the dots yellow; (2) expose under negatives, and an additional piece in strips, 
one to five seconds, to a Ifi-c.p. lamp at 1 m.; these will show the general properties 
of the emulsion and the degree of spotting; (3) exposure of a piece to daylight 
will sometimes show violet spots, which are caused by dust and turn yellow in 
fixing; (4) a piece fixed without exposure, treateil with 5% acetic acid, wa.shed, 
dried, and treated with 5% pola.saiuin ferricyanide, will show iron particles in 
blue, copixir particles in brown, and whether these are in the paper or the emulsion. 



CHAPTER XVIII 


GUNCO'n'ON SMOKKLIOSS 1>1 )\\ I)EU.S AND THE EXPLOSIMj) 
(’ELLULOSK NITRATES 

It will be apparent that the material comprisinf; the siilij(‘et- 
matter of this chapter is iiicomi)lete as compared with the other sec¬ 
tions of this work, the olijecR heiiif; rather to i-eeord the more impoi'tant 
of those facts in connection with the cellulose nitrates as concerned 
with smoki'lesH powders and allied ])ropellants which stand in close 
relation to those' apidications of the; cellulose nitrates in tlie laaicefiil 
arts, and previously recordotl. 

Gunpowder. For centuries the only explosive known to‘the 
world was a mechanical mixtui'c of a])i)roxiniately 7o parts sallpi'Icr 
(potassium nitrate), l.I parts charcoal, and it) parts sulphur, called f;uii- 
povvder. The date of its discovery ai\d name of the inventor is 
obscure, and immaterial in this connection, the fact of intx'rest beiiiK 
that in the combustion of this explosive a lar^e amount of solid mattei' 
is given off, which not only clogs the bore of the gun, but ]irodnces 
an opaque cloud enveloiuiig tin; gun and gunner. With advance¬ 
ment in gunnery, the introduction of rilling, by which ii higher velocity 
and greater accuracy of fii’c was obtained; the a])pearance of Coif, 
Hotchkiss and Ma.xim magazine riflixs and machine guns with their 
automatic arrangements enabling an almost incix'dibh! I'apidity of 
discharge; and the extension of rapid-fire large-caliber rifles, and 
the Catling gun firing more than 1,21)0 rounds of small-arm animuiu- 
tion a minute, made the problem of smoke produced one, of great 
moment. Noble and Abel have calculated that military guiqiowder 
evolves on combustion by weight of ultimately .solid matter, 

which is either thrown into the atmosphere as such or ix'inaius behind 
to foul the bore. Profc.s,s'oi’ Charles E. Munroe ^ has drawn atten¬ 
tion to the fact that a 110-t(jn gun can project at a single discharge 
528 lb. of this solid product, from which it is evident that in a general 

1 Preiiidential aiidres.s “ On thn Develfipnicnl. of Sinokoless Powder,” ilelivcrcd 
before the Waahingt,on Section of the t'liem. Soc., Eeb. 21, ISUfi; .four. 
Ohem. Soc., 1896, 18, 819-846, from which tlie above and otlica- information lias 
been taken. 
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sngafjempnt at the present time and with modern guns, the force or 
sliip would soon he enveloped in a dense and opacpie cloud and entirely 
at tlu' mercy of an invisible (to them) foe, unless a stiff wind was blow¬ 
ing, or other atmospheric conditions favorable. In fact it Ls not too 
imudi to .say that the .science of modern rapid fire gunnery would 
undoubt.c'dly nevi'r have reached the jirt^sent.-day perb'ction in rapidity 
of actitm, had not. some prod\ict been evolved to supplant the smoke- 
producing gunjjowder in nulitary warfaie. 

Smokeless Powders. I’i'obably the ('arli('st e-vpiiriments with 
smokeless powders was made by Howard in l.SOO, when ho te.sted 
his newly discovt'red mercury fulminate, only to find that it produced 
little smoke with but slight recoil, but gave a low velocity to the 
projectile, burst the chamber jiiece and othei'wise demonstrated its 
inlVriority in com|)etit.ion with gunpowdc'r. In ISOO (Irindel carried 
out an e.\te 7 ided series of experiments in endeavoi's to substitute 
ammonium niti'ate for potassium nitrate in gunpowder mixtures, 
which wer(' iinsiiccessful on account of inability at that time to over¬ 
come the delicpiescence of the, salt. He demonstrated the fact, how- 
evi'i', that at, the noi'iual atmospheric tempei'atui'e the ])roducts of 
its condnistion are iiractically gaseous and invisible. It wa.s used 
by (laens in ISS.") in his “ Amide Powder ” and extensively subseciuently. 

Cellulose Nitrate Smokeless Powders. The discovery by 
Hehoubein of cellulose nitrates in IStfi and of glyceryl nitrates by 
Sobi'ei'e the year following, gave t,o the woild two chemical curios- 
iti(>,s which lay dormant for .some years, chiefly through a lack of appre¬ 
ciation of the detail reipiired in their manufacture and purification, 
and a wdiolesonn^ i-e.sjiect for theii' ])ower. (Iradually and cautiously 
gunijowder was re])laced by them for blasting purposes, in the earlier 
davs being used singly, gnnpow<ler by itself, and nitroglycerol, first 
alone and then cond)ined with a kieselguhr absorbent, forming dyna- 
miU'. A])parenllv the first attempt to use a nitrocellulose-contam- 
ing propellant as a smokeless e.xplosive was made by Lenk, who unsuc- 
ee,ss!'ully tid'd to utili/.e guncotton in guns, in 1X62. Three years 
later (dptain H. Schultze of the (lerman artillery, published a 
somewhat ambiguous pamphlet on his “ new chemical gunpowder,” 
more accurate details being obtained from contemporaneous German 
journals. Guttmann ‘ describes the early manufacture of “ nitro.x- 
ylin ” and ” collodin ” as prepared by F. Volkmann in l<S72-187r). 
In ISS2 W. Reid- patented the agglutination of nitrocellulose into 
graims, which were subsecpiently hardened by superficially colloiding 
by immersion in ether and alcohol. I'lie ne.xt year 0. Wolff and 

1. “Twenty Years’ Progress in Explosives,’’ 1901), .*{K. 2. E.P. 619, 1882. 
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M. Forster ’ published their method of coating small guncotton grains 
with a solvent for tlie purpose of rendering them permanently moist. 
In 1885 Johnston and Borland disclosed a new idea in powder manu¬ 
facture, in describing the preparation of their J. B. smokeless powder.^ 
The next year, and precisely forty years after the discovery of gun¬ 
cotton, the Fren(di chemist Vieille produced his smokeless powder 
for military purposes, which may be said to be the first smokeless 
])()wder of the modern class, consi.sting of cellulose nitrates alone 
(Poudro B) or mixed with l)ariuin or potassium nitrates as oxidizers 
(Poudre BN). Both powders were thoroughly colloided by means 
of a solvent like ether-alcohol, whereby the grain was condensed and 
hardened to a horny, structureless mass.^ Following Vieille by 
about two years ^ A. Noble combined both nitroc(dlulo.se and nitro- 
gl.\ cerol to form ballistite, and the British Government followed the 
succeeding year with cordite. In the United States 0. E. Munroe 
began his experiments on cellulose nitrate ixnvdcrs in 1889, culminat¬ 
ing in the introduction of Indurite, and the adojRion of a pure ccillulpse 
nitrate as the official powder of the United States Government.® 

1. E.P. SHOO, 1,SS». 

2. They mixcil nitrocotton with barium nitrate, pnxiucing the Ro-called “nitraieil 
guneotton," usually adding cither charcoal, torrificil starch or similar carbonaceous 
powder. The material was placed in a d rum, water adinitti^ in the form of a spray, 
and after granulation the grains were dried, moistcncfl with an alcoholic solution 
of camphor in Isuizinc, the solvent being siibseuucntly removed by evaporation. 
Uy this treatment the grains were hardened and tiicir inflammability increased. 

3. In the first powder of Vieille, picric arid was adrlcd, but soon abandoned in 
favor of Poudre U., nameil after (lencral Hoiilangcr, 

4. E.P. Mil, ISHS. 

5. The present U. S. Service powder is so poor in oxygen that a grain Imrned 
in air leaves a large quantity of iinconsiimed carbon, Uiirncd in a gun, lioWever, 
and under service pressures, most of the f combines witli 0 to produce (JO instcail 
of (JOj. The products of combustion tlierefore are nearly all gaseous and henco 
smokeless, con.sisting of (tO, N and 11. The immen.se volume of the pnxlucta of 
combustion of such a powiier, owing to the exceeding lightness of the ga.scs evolved, 
give.s it a high ballistic value, while at the .same time the temperature is considerably 
lower and the erosive iwlion less upon the gun than with a smokeleas powder rich 
in nitroglyecrol. which owes its higher ballistic value to the. great expansive power 
due to high temperature. Comparing Cordite, as the nitrocelliilose-nitroglyecrol 
type of smokeless i>owdcr with a pure nitrocellulose propellant, it would re<|uire 
probably about a third more pyrocollodion powder to develop the same energy 
behind a projectile as that developed by ('ordite containing 5,3% nitroglyecrol 
(the original form). Tlie United Slates and French Hmokele.s.s powder costs more 
per pound, is inferior in ballistics per unit weight, gives a lower temperature of 
combustion ami less erosive action, while nitrocellulose-nitroglycerol pow<lcrs are 
less expensive, possess greater energy per unit wciglit, give a higher temperature 
of combustion upon firing, and this increased temperature naturally affects the 
rifling of the arm. The factor of solvent expulsion in nitrocellulose powders is 
greater than with propellants like Cordite, and in this respect the latter type have 
an advantage. In the U.S. pyrocollodion powder, the multiperforated grain and 
the comi)osition necessarily go together, for it would lae practically impossible to 
u,se such a liard and dense material and one which bums through such a small 
thickness without its Ixiing multiperforated. Thi.s is owing to the enormous initial 
areas presented to the flame with the resultant high pressures developed by full 
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For all practical purposes nitrocellulose smokeless powders may be 
divided into but two classes, i.e., those which consist of nitrocellulose 
only, as Troisdorf, Rifleite, B. Powder, Walsrode, Cooppal No. 2, 
Miillcritc, the Russian powders, including the pyrocollodion pow'der 
of Mendel6eff used in the Russian navy, the Belgian powder of Wet- 
teren, German flake powder, the Austrian Schwab powder, and the 
Seiwdce powders of the United States and France, and the nitrocellu- 
lose-nitroglycerol powders typified by cordite, and used by England 
and in more limited amounts by some other countries, as the Au.strian 
gunpowder model 1893, composed of insoluble nitrocellulose and 
nitroglyccrol. Some authors make a distinction in classification 
between those nitrocellulose powders which contain metallic nitrates, 
and in a less degree metallic chlorates, but the present tendenc.y in 
e.\plosive manufacture is toward simplicity, and the introduction of 
no more variables than is nccessaiy. While a great step in advance- 
iiKiut has been iiiadci in the cliange from smoky gunpowder to smokeless 
(•(dlulose idtratc, yet another opiiortunity for distinct advancement is 
still open—the [iroduction of a flanudess .smokeless powder, so as not 
to disclose the position of the attacking force. On acct)unt of the high 
temperature of explosion of smokeless powder, considerable flame is 
ejected from the arm, due i)rimarily to the fact that tlu^ solid i)art,iclc8 
exi)elled are healed to the point of incandescence. This is especially 
true of the nitroglyccn'ol powders, which have a higher temperature of 
explosion than those ctjinposed entirely of nitrocellulose. G. Dutten- 
hofer' pritjioses to partially overcome this by the addition of sodium 
bicarbonate to the powder, which upon losing its water of ciystalliza- 
tion ami carbon dioxide, luus the effect of cooling the flame. A. Cocking ^ 
has patented the use of a combination of barium and potassium 
t.artratcs, while vaseline, vegetable oils and soaps have also been pro¬ 
posed for the same purposes, but the subject may proirerly be regarded 
at tlie jmesent time irs in the cxirerimental stage. 

As compared with gunpowder, modern cellulose nitrate explosives are 
chai'actcrizc'd Iry grimtly iucresused power, giving an enormously greater 
range, flatter trajectory and iiici'eiuscd penetration to projectiles fired 
l)ol:h from rifles and artillery, thus in connection with their smokeless- 
nes.s, altering the conditions and tactics of land and naval warfare. 

charges, if granutatofl sufficiently fine or miule thin enough to lie Inirned in the 
gun without perforations, for able editorial advocating use of nitrocellulose-nitro- 
glveerol tMiwdcrs see Engineering (lain,), 1910, 811, till). 

1. E.P. 19108, 1900; 791, 1907; F. P. diUllO, liiOO; and First .tddition thereto 
dated Aug. 30, 19(Ki; abst. .I.S.t’.L, 1906, 2.'!, 911. lie gives nitrocellulose 7."). nitro- 
glycerol 25, vaseline 5, and sodium bicarbonate 2 ([larts by weight) as a satisfactory 
propellant. In this connection sec J. Taffancl, Z. gcs. Schiess- und Sprengstoffw., 
1910, 5, 305, 333, 348, 372, 392. 

2 E.P. 15,504, 190,5; U.S.P. 903958, 1908; abst. .1..8.('.1., 1900, 2.5, 497. 
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Manufacture of Pyrocollodion Smokeless Powder in the 
United States.' The United States and France have adopted as a 
powder for the army and navy, a cellulose nitrate of high purity and 
with no admixture of other ingredients except a small amount of 
stabilir.er, in contradistinction to the official powder of Fngland, which 
contains nitroglyeerol in conjunction with nitrocellulose. This pow¬ 
der, which has a nitrogen content <if 12.()-]2.SU( ,* and an etlier-alcohol 
soinhility of 9()-!K).b';. is i)roduced botii by the gov<'i'nment and by pri¬ 
vate firms under government supervision, for shoulder arms containing 
a small amount of gra])hile and for large caliber guns with no admi.x- 
t\ire of graphite. 

'I'lie work of llu' Xavy Department on smokeless powder" dates 
back to 1SS9, when U. U. .Munroe produced Indurite, using nitrobenzene. 
In IS91 tlie nitrolienzene as a solvent was replaced by ethyl acetate 
and a small amount of camphor added as a deterrent. The next year 
Bi'i'iiadou and Brown' began lo blend various lots of nitrocotton to 
obtain a fi.x('d jjcrcentage of lutrogen. .\cetic ether was soon reiiJaced 
by acetone, selected lots of cotton were taken with respect to theii' 
nitrogen content, and barium and ])otassium nitrates and a small 
amount of chalk added to incr(’asc the amount of oxygen and to act 
iLS an ant-acid. It was notc'd that while the corresponding French 
powders were very tough, the acetone powders were de(ddedly brittle, 
.tcetone was then replaced by the present mixture of alcohol and ether 
with the result that a mu(di tougher product resulted. The next steps 

1. For latent (iovprnmcnt i)raotic<‘, see Major Oiliis ('. Homey on the “ Mami- 
faetuni of Snnikeloss IXiwUer,” Jour. U. S. .\rLii. IlflO, 34, (No. 40.5), pp. 14n“1.51. 

2. .Xcoording to J. EStraiis.s (Proc. U. S. Naval Inst., 1001, 27, 7JJ) in the 

original If. S. Navy smokeless pow'dor it wa.s .six-cified that the nitrogen shoiikl 
closely apiiroxitiiate and that at least O.S% should l<e soluble in (dher- 

aicohol. After Mendeh'eff rlenumstratcd that a guncotton containing 12,41% N 
gave tile ina.ximuni volume of gas, experiments at Indian Ilearl showcel that the 
nitrogen may be increased to as high as 12,8% without advonsely afl'ceting the 
velocity, ti. p.'illerson showed that owing to tlie impossibility of expulsion of all 
the solvent, the nilr-ogen should never be as low as 12.44%. .\s in the smaller 

powder grains I he nwidual solvent is seldom less than 0,.5%, and nearly all alcohol. To 
proviileforthe oxidation of Ihis, it is advisable to increase the nitrogen, the increase 
dciMiiiding upon the amount of aleoliol retained and hence the calilxir of the powder 
or the numix'r and size of the ixTforations, the residual solvent Ireing a direct 
function of the powder wall thickne.ss. However, the specifications as to solubility 
limits the maximum percentage of nitrogen introduced to about 12.80. Increase 
in nitration of smokeless powder increases its erosive power, and the increased 
degree of erosion is greater than can be compensated for by the decreased weight 
of llic charge of the higher nitrated powder. 

.'b R. Henderson, Proc. U, .8, Naval Inst., 1004, 30, 35.3. A. .\mes (Jour. U. S. 
Artib, Oct., 1004) describes the various stages in the development of U. S. smokeless 
powders. 

4. See International Smokeless Powder & Chemical Co., E.P. 13457, 1903, in 
which highly nitrated (13.75% N) nitrocellulose is dissolved in acetone, while a lower 
nitrate (12.75% N) is dissolved in eth(‘r-alcohol. These are then mixed in pro¬ 
portions to produce a powder of any nitrogen content between the extremes. 
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were in the line of experimentation with nitrocellulose and methods 
for its purification, when it was found that a cellulose nitrate with as 
high as 12.8% N could he readily obtained. The Troisdorf powder, 
which had given excellent satisfaction, contained 12.5-13% N, and was 
a pure nitrocellulo.se powder. The barium and potassium nitrates were 
soon dropped as eomstitiKsiits on account of the smoke to which they 
gave rise. The (piestion of nitrogen and stabiliisers was then taken up 
as stated elsewhei’e. 

At the Indian Head kStation the (iovermnent produces nitrocellu¬ 
lose by centrifugal nitration, whereas at the ri(^atimiy Arsenal, 
Dover, N. ,J., it is understood that the Thom.son Displacement 
nitration process is u.sed exclusively. .Ml the private firms, so far 
as the author is aware, u.se tin; centrifugal method of nitration in 
producing nitrocellulose umler govei'iiment sirecifications. The proc- 
e.ss of mamifactun' is essimtially comju'ised in the folhiwing steps: 

(1) Nitration, imrilication and dehvdriition a,s described in Chapter 

111 . 

(2) Solvent displacement dehydration of the nitrocotton with 
ethyl alcohol. 

(3) Colloiding the nitrocellulose. 

(1) Removal of imj)urities in the colloid by hydraulic filtration. 

(5) formation of colloid into tubes and rorls. 

(0) Cutting the tubes into cylindroiils of a definite length. 

(7) Preliminary solvent: recova-rv. 

(S) Drying and sorting tin' fini.shed product. 

(tl) dazing. 

(10) Blending. 

Solvent Displacement Dehydration with Alcohol.' After the 
nitrated cellulose has been washed until the rispiired stal)ility has been 
attained, it is centi'itugally dehydrated (see p. 121) dumped into 
a cart underneath (Fig. 20, p. I2<S) and weighed out into batche.s of 
such size that one batch will ju.st (ill the solvent hydraulic dehydrator. 
Usualh' to lb. batche.s are wenghed out, and placed in .separate z.inc- 
lined wooden bo.xes wuth tightly fitting covei's, each batch consisting 
roughly of 28 li). nltroco1t(m ami 12 lb. watru’. ^fhese boxes arc u.sually 
placed in a small .storehouse building, situated midway between the 
centrifugal house and the pre.ss l■oom. M'ith (he propoi'tioii of w'ater 
jjresent in the nitrocotton, the boxc's may be stored with perfect 
safety for several weeks before receiving further treatment, the covers 
fitting -SO tightly as to !)? practically air-tight, and hence admitting 
of but little drying from escape of moisture. Instead of centrifugal 
1. For alcohol <lis))laccnicnt see also F. (t. du Pont, E.P. 1501):!, 181)7. 
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dehydration, the “ pyro ” may be further pulped by passing through 
a “wet machine ” (Fig. 278) from which the pulp issues from the 



I'm. 27S—Jiunninf! I’uliic.l Nilroa'lliiliwc ihroiijih tl.c ' W'cf MnCiljK' " 

rollers in a flake form, still containing from 3r)-40% ■water. It is not 
considered proper to e.\po.se the pyro to the dust anil .sun in open tubs 



I'u;. C70 —Expasing Nitrocellulose (o Dust luid Dirt in open Tulia. 

ae .shown in hdg. 279. When the nitrocot.ton is to be “worked up ” 
the contents of one liox (28 lb. nitrocotton, 12 lb. water) is placed in 
a hydroextractor as described on p. 127, Fig. 30, p. 129 and Fig. 280 
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J'lii. 2iS().—Pyroxylin llydrocxlractor. 



IG. 281.—A Block or “ Clicoso " of Nitronotton as taken from the Hydraulic 
Dohyclralion Prer's. Weight, about 40 lb. 
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herewith, about 35 lb. of %% ethyl-alcohol run in * and the cover 
placed on the dehydrator. For several minutes no pre.ssure is applied 
other than the wei}!;ht of the descending alcohol. This gradually 
force.s the watei' out on .somewhat the .same j)i'inci[)lc as the dis¬ 
placement process of nitration (p. 06) so that the fir.st portion of fluid 
i.ssuing from tli(> pi'eas is nearly pure water, .\fter about G lb. has 
])assed through, the lower i)ressure (2(K) lb. per square inch) is applied, 
and finally the high pressure (3,.500 lb. per square ineh), the latter 
being continued as long as fluid is pressral out. The, solid cylinder 
(“ chee.se ” or “ block ” .see Fig. 2S]), of nitrocotton formed is white, 
non-gelatini/.('d and weighs about 3S lb., of wdiich 10 11). is alcohol^ 
of about SS'';; .strength. The block is bi'oken up with wooden mallets 
or large bone knives after alcohol dehyrli'afion and ])laced in zinc- 
lined boxes holding two or thi’ee blocks, where they remain until they 
undergo the process of gelatinization or 

Colloiding the Nitrocellulose.'* Usually the mixers employed are 
of such size a.s to take thi'ee blocks, equivalent to .S4 lb, dry nitw)Cotton. 
A machine of the type of the Lynn-Sui)erior f'omirany mixer shown 
in Fig, 2.S2 may be useti ^ as well as those shown in Fig. GO, p, 2X2. 
The blocks are mixed for about fifteen minutes before any fthcr is 
added in orilcr to break the lumps up into a fine ])owder. On a b.asis of 
05',i ether to the weight of nitrocotton, lX.t lb. ether is weighed out 
in a milk can on scales placed alongside the mixer, the ether being usually 

1. .5 sepanit ion of the aqupmis layer from the l.ayer higher in .alcohol is usually 
made in the.iicrcolale from aleohol dehyilration, llie hrst or lower nleohol-e.ontaih- 
ing fraetioii W'iiig distilled in a dilterent type of iwtifying still from the latter 
portion of tlie percolate whicli is coneenirated in a long eoliimn still similar to tlrnt 
shown on p, 222, Fig. t!7. One distillation will usually rectify tlie latUT portion 
of the filtrate to t).")% ethyl aleohol strength. 

2. Tlie amount of aleohol left in the nitrocotton hhxik is purposely varied and 
IS always tfie amount required in tlie BnliBe((nent gelatinization priH'ess. In 
pyrocollodion powders, the proportion of alcohol to ether rciiuired in the gelatin¬ 
ization process is 6t-0,')% ether to 25-56% alcohol, and the weight of alcohol 
remaining in the block is calculated to this ratio of ether and the weight of dry 
nitrocotton. A smaller amount of alcohol is used in gelatinization the. larger the 
calilier of the powder to lie maile, one reason lieing that tlie larger tmlk of tlie individ¬ 
ual grains of the larger oalilicr powders make it more advantageous to facilitate 
evaporation and final eiimination of solvent by having present the minimum of 
higher boiling fluid (ethyl alcohol) a.s compared to the lower boiling and more 
volatile (ether). 

,S. For considerable information conceming the microscopy of partially gelat¬ 
inized nitrocotton, see judgment of Bir F’. Jeune, in Heidemann vs. Braokeless 
Powder Co., Ltd., .^rms and Exph, 1898, 6, 130. 

4. This type has two e.spccially shaped mixing arms of crucililc steel which 
revolve in oppo.site directions, pa.s.sing up the sides and down the center of the 
bowl. The inside is formed smooth to facilitate cleaning, and a .spout is provided 
in the front for discharging. The emptying of the liowl is accomplished by means 
of an Butomatie power dump, controlled hy phosphor-bronze gears, and stops 
automatically without shock or jar. The howl is water-jacketed, that the tem¬ 
perature of its contents may t)e kept low. 

.5. The 30 lb. alcohol present comprising the remaining 35% of fluid portion. 
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transported to the mixing house in pipes from the ether manufactur¬ 
ing building. Any stabilizer to be added is dissolved in the ether 
before the latter is poured into the mixer.* The ether is poured in 
the mixer in one portion, the cover fastened down, and the mixing 
continued for a further period of forty-five minutes. This is the 
most dangerous portion of the entire process, on account of the explos- 



Fia. 2S2.—Mastodon .Mixer for Colloiilins Nitocollulnsc. 

ibility of the ether vapor and the fact that it falls to the floor instead 
of rising and becoming dissipated.^ Either rubbers or sewed raw- 

1 Tlie usual stabilizer is (iiphenylarniue, the amount used for a charge of 
the above size teing al)out fl oz. This amount flissolveK very .|uickly m the volume 
of ether taken. Rosanitine ba.se has lieen u.sed for the stime purpose t'. Cl.ae.s^n 
recommends <liethvldiphenylcarbami<l (U.S.P. 0n054(i, lOlKI), and ethylmethyld.- 
phenylcarbamid (I'M'. 4t()2:i!l, lOOtl) as stabilizers In ()..«)-cal and .simdar 
small arm powders, grapliite in about 0.7% amount (11 oz. irer 100 lb. calculated 
on the dry nitrocotton) is added to the, contents of the mixer before the ether is 
poured in, the object of the graphite lieing entirely mechanical, i.e., to facilitate 

loaduig Kynoch, Ltd. (E.P. 250R1, lOO.'i) liave stated that in gelatiii- 

izing soluble nitrocellulose with ether-alcohol, the sheets or corils are very liable 
to curl up nr liccome distorteil on leaving the machine, owing to the rapid evapora¬ 
tion of the ether. The use of acetone and amyl acetate for insoluble nitroeelliih^e 
and nitroglyccrol compoiind.s is also attendeil w'ith certain miuinfaeturing dtm- 
culties such as overheating during iiicor|>oration, in the case of acetone, and the 
difficulty of removing amvl acetate on drying, owing to its high boiling point. 
The invention consists in the use of suitable mixtures of acetone and alcohol as 
a solvent for nitrocellulose, tlie proportion of the two ingredients being chosen 
with regani to the degree of nitration of the nitrocellulose used. The. manu¬ 
facturing difficulties mentioned alxive are thus avoideil. In tlm manufacture of 
Oorfite Mark 1, a mixture of acetone (60%) and alcohol (40%) is used as the 
eauivalent of 100% of acetone, (lordite M.D. can be gelatinized with acetone 
(70%) and alcohol (:10%). The same proportions arc also used for a guncotton 
containing lO^^t of soluble nitrocellulose, while a soluble nitrocellulose is gelatinized 
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hide slippers are worn by the workmen over their slioes, all liand 
trucks are rubber tired and the floor is cither covered with lead or 
heavy linoleum. The nitroeotton having been completely gelatinized 
or converted into “ colloid,” the cover of the mechiinical kneader 
is raised, and the contents' transferred into tin cans ^ with tightly 
fitting covers (Fig. 2S3), the ne.vt operation being ^ 

with a mixed solvent containing" acetone (40%) and alcoliol (00%). It is llius 
possildo, by the use of suitable mixtures of aceton(‘ and alcohol, to produce a com- 
pleW solvent, or partial s(4vent, for any form of nitrocellulose 

1. A light chocolate-coloml moist-lookiiig product which when squeezed by 
the hand compacts to a lirni, stnicturcless mass. 

2. With a charge of S! 11). nitroeotton, the colloid is usually transferred to two 
cans by means of the device sliown at F, Fig. 2t)l. 

3. The ScK'i('‘te uuonyme d’Exjilosifs et de Profl. ('him. {T.!’. 3t)10t)2. 11107) 

claim the use of nitro-derivatives of the fatty seri<‘s of the manufacture of smoke¬ 
less jKiwders with a base of nitrocellulose or of nitrocidlulose anil nitroglycer.)! 
In particular mononitronadhane (b. [it. IMP 100), may be used as the solvent in 
the projMiration of powerful and very stable smokeless j>owders. When employed 
in admixture with uitroglyceroK tlie.se nitro-der'vatives yield pro<luc(s of low 
freezing point. Tims nitroglycerol containing mononitromethane does 

not freeze at -1")°. They may also Im‘ used in udmixtun* with other substaiu'es 
(p.g., alcohol, cllior, acetone) to elTect the gtdalinizulion of nitrocellulose. 

4. In the mixing machine of (J. Jones (U.S F SSJUI, lOOS) the reciqitacle is 
provided with a mixer which, by means of a flexilile connection pa-^sing ov<‘r 
wIkh;!, iis connected to a heavy piston so that, ‘under ordinary corulitions it is 
raised above the mixing vessed. It can Ik* low'orod wlien necessary by apfilyin; 
fluid pressure to the piston, but it automatically n'tiirns to its former position 
when the prossun* is rek*as(*d. 

According to 11. Auchu tF.S.I* tM)24()l, t)l)24b.), liiOS). the pan in which tlio 
explosive is mixed by means of rotating tirms can Ik* rai.s(‘d and lowered liy means 
of a ratchet wheel connected to an ecc«‘ntric. Tin* pan and its contents aix* counter¬ 
poised by a set of weiglits.. It is thus jMi.ssibk* to move llu* pan very easily an I 
without any jarring, it lieing raised and lowereil by imwis of a by Iruulic nru 
H. Talley (F.S.P. iu()21U, ItlOD) has devised a maidiiiie of the onlinary type, for 
the manufacture of liigh explosives, with the exception that the mixing [lau. in 
which the stirrer-blades work, cun Ik* held in j>osition. or can be citlu'r lower(‘d or 
raised, by hydraulic j>re.ssuro. 

;j. Ill order to eliminate the cost of (*lli<‘r and the danger attendant ufion itsuse, 
(1. Cicntieu (U.S.P. S0()13l. llK)"), S32t>l).‘), .H37H»3, PKHi) has pat<‘nt(*d a proce-.s 
of making smokeless powder, desigmsl especially for onlnance powder. In the 
latter it is necessiiry to produce a powder with a high degree of (‘lasticily and lougli- 
nesM so as to withstand the enormous {iressure to wliicli it is subjecteil in the powder- 
chamlx*r during tlie firing of the charge. As the rate of burning or rapidity of 
explosion of the powder dejKMids on the ^^ize of llir* powder grains an<l the cons<*- 
(juent burning surface of the powder (.-oe Figs 31)0, 301), the powder for tin* 
various sizes of guns U'ing maue m grains or sticks of suitable si/e to rettird the 
explosion somewliat and generate guts just fast enough to exert a gradually incri'as- 
ing pressure on the projectile anil gradually overeonu* the inertia of tlie fimjeclik* 
to Ik; thrown by that particular gun. If the grains or sticks of explosive iW' brittle 
or lack sufficient toughness and elasticity to withstand the pressure to which they 
are subjected during the explosion of the charge, they are broken up Into fragments 
by the pressure, thus increa.sing the biirning-surfaeo, and consequently the rufiidity 
of the explosion, which results in the transformation (if the conifilele ehargi* of 
powder into gas before the inertia of the projectd(* is ovi'rcome and a large enougli 
chamlier formed to accommodate the increased volume of gas and creat<^s a pres¬ 
sure which the walls of the rifle are unable to wilbstand and bursts the gun or 
severely strains it. 

He claims that by alcohol dehydrating of the nitroeotton in a centrifugal (.see Fig. 
27, p. 120. andCJ, (icntieii, U.S.P. 031710) ami .sub.sequcnt exposure of thcprixluct 
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Fm. 283.—Transferring the Oolloided PyroeoUodion from Mechanical Mixer to 
Storage Cams. 




Fk;. 284. — Hydraulic Pyiocollodiuii 
Blocking Press (Waterlairy Farrel 
Foundry & Miicliinc Co.) 


Fiu. 28;).—Macaroni Hydraulic Filter¬ 
ing I’lv.ss, for Mixing ami Straining 
PyroeoUodion. 
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I''iR. 2S(i.—Nitrocellulose Wash House. A, Wash Vats, where the Nitrocotton 
from Nitrating? House is placed for tho Preliminary Series of Washings with Stoatn. 
yi. Truck, containing (', Nitrated Colton. The Numlx'r of Separate Washings of 
the Nitrocotton is Sliown by moans of the Indicalors Shown at fu F, W(>od(*n 
Stoain Vent Flue.s. The Tanks Shown are about 7 I'cel Diameter, and H leet 
Deep, extending to the I'kair of the Story J'nderneatli. (See also Fis. 2S7.) 



Fig. 287.—Nitrocellulose Wash House. 
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Pressing the Colloid into a Solid Cylinder.^ This is a step pre- 

to the vapor of ether wiJiout iutroihicinp any ether in the state, gclatiiiization 

Mcurs without disruption of the structure of the cotton filament, and powder pro¬ 
duct from such gelatinized nitrocellulose when dried will be found much tougher 
and less* brittle than tiiat made by processes which involve stirring or compressi(jn. 
The process may be adjusted, the patentee claims, so that the original hollow 



Tiu. 288. - Hydraulic Filtering or “ Macaroni ” Press, for Removal of S(fli<i Impur¬ 
ities from ('olloided Nitrocellulose. .-I, Prt'ss; B, PillercHl Colloid, in Strings 
as Issuing from the Press; (\ Can. in which the Blocks I), of (.'olloid are Kept when 
not Passing through the Press E, Top of Blocking Press, in which the Colloid 
Strings are Compacted again into a Solid Cylinder D. 

cellular Htnicturc of the nitrocellulose has not lieeii deslroycd or no1ic<;a.»ly 
impaired. In U.S.P. 8:i710‘C tltc fiiwly (livid(*d ni(rocellu!os(?. coiilaining from 
15 - 40 % of water, is agitated in a closed drum funiish(Hl with revolving arms. A. 
solvent of nitrocellulose*, ffoluble in. and with a lower l)oi]iug point than, water, 
is ejected into the drum at a pressure of 12.> lb. to the stj.in. The nitrocelluloM' 
is thus gelatinized, and tlic stjlvent removed and rec(n’ert‘d on drying the gniiiis. 
In U.S.P. 832605, 1906, the nitnx'ejlulose is first mixed with alcohol and thou 
colloided by exposure to ether vapor. S(‘c aKo (Sc'ntieu and H. Waddell, U.S.P. 
806131 , 1905 . 

1 . See “Pressing of Guncotton Blocks,” G. Bell, E.P. 17415, I06tl3, 
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liminary to removal of the insoluble particles ^ by pressure filtration- 
thi'ough an iron mesh sieve. The cont ents of one can of colloid about 
40 lb.—containing about 21 lb. dry nitrocotton—is paclied in a hydraulic 
press, or block i)ress, as it is usually ternied, h'ig. 2S4 showing the type 
constructed by the Waterbury Farrel Foundry & Macliine Co. The 
top of the press is placed flush with the floor, and upon the application 
of the maximum pressure (3,300 lb. per square inch) no fluid is .s((ueez('d 
out of the colloid, the pressui-e resulting in the formation ol a solid 
cylindrical cake, in appearance much like a gigantic grain of snioke- 




Fig. 2H!t -Macfirotii Press (.1) im.ler .Side, .Sliow- Fig. 200,—Hydr.-nilic Pyni- 

ing B, Strings of Filtered Colloid, and (\ Top collodion Blocking l’rc.s.s. 
of Hydraulic Press into wliich they are Packed, 
and Kessed into a Cylindrical Block again. 


less powder. Whereas before pre.s.sure the eolloiiled nitrocotton 
wa.s white like finely comminuted cotton wet with water, tifter pres¬ 
sure it is translucent, horny in appttarancc and nitty readily lie imlcnleil 
by pressure with the finger.^ This solid cylinder is next plant'd in 
another but heavier hydraulic press shown in Figs. 2SS,281),known a.s the 

1904; U.S.P. 835296, 835297, 835298, 1906; al«t. J.S.C.I., 1!HH, 23, SS2; 1905, 
24, 690. 

1. Principally in.solublc matl.('r inirodnccil in tlic .several wa.sliing.s in neniraliz- 
iixg the nitrocellulose and particles of iron rust frofu water siif)ply and oth<?r pipes. 

2. Z>, Fig. 28S, and li, Fig. 21)0 shows a hlocic of eolloiiled iiitrocfdluloso as it 
leaves tht; press. 
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Macaroni Filtering Press. The object of this is to remove by 
straining any insolut)le or extraTU'ous jiarticles and to render the 
colloid p<-rfectly lioinogencous. The lower i)ortion of tlic piston 
chamber consists of a heavy steel block perforated with circular orifices 
of al)out in, diameter, with J in. between cenlei’s. Upon this is 
laid a heavy 30-niesh iron gauze to intorcejrt the sniidler particles. 
Pressure ))eing applied from above forces the colloid cake through the, 
sieve and -jVii- holes, and it i.ssiu's fi'om the pn^ss in a number of 
cylindrical rods of the diameter of the is.suing orifices, re.scmbling in 



Ki(i. 2!)1.—Smokeless I’nwck'r M.nnif.'U'(ure .1, Ivneadins or Colloidinp; Mixer fur 
(iekdinizing Nitrocellulose; li, Block of Colloid after liaviii.c been Pivsscd into 
ji Solid Cvlinder; C, Block of I n.i'clatinizcd Nitrocellulose; D, Hydraulic Press 
for Trauslormina Loose ('olloid from Mixer .'1 into Cydinder /i; li. Macaroni 
t'illeriiic Press; F, .Arransemenl for Traiisferriuc Equally the Colloid from .4 to 
the CansG. Tlu! floor ia linoleuni eoveivd. 

aitpearance macaroni, from which fact the mixing or straining |)res.s 
derives its name. The iron mesli filter sieve in the press is used but 
ouce, being cleaned by Imriiing otit the screens. A single screen is 
good fur about 30 fUtrations and sulxsetpienl imrifications by luirning. 

J)ircctly under the macaroni press, willi its lo]i flush with the floor, 
is a third hydraulic pre.ss, shown in ITg. 2(1(1, the function of which is 
merely to pre.s.s into a cylindrical cake tigain the filtered colloid. 
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After this final pressure the blocks, each weighing about 40 lb., are 
placed in zinc-lined boxes with closely fitting covers, w'here they remain 
until forced into rods or ribbons. One set of valves, shown- in Fig. 



Fia. —Hydraulic Press Valve ljy means of which the Hi|;h and 

l.ow Pressures arc liepulated. 


292, iire used foi' each pre.s.s, and by means of v\hich the low and high 
pi-esHurc are regulated.’ 

]. Tl)e inacln'iK'.s illustrated in I'’iss. 2iSd. 2!)(l, 2ill are all (l('.sinnod and prcKlueeil 
by the Walcrbury I'annl J''oundry & .Machine Co., W'alorliury, Conn. Eif;. 2.St 
has a top cylinder head held by clip.s, the cylinder Ixiiiig a coppcr-liticd steel CH.st- 
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Formation of Colloid into Strips or Rods. After removal of 

impuritieH liy means of the “ macaroni ” press and compacting into a 
solid cylinder by the hydraulic press underneath, the blocks are kept 
in zinc cans with tightly fitting covers to minimize ether evaporation, 
until, by means of a “ finishing ” or “ powder ” press, the colloid 



I'Kj. -Foriniition of Smokeless Powder (.{rains. .1, Hydraul.c PrL*.s.s in whibh 
the Block .1 of ({elatinized Nitrocellulose, is Forced through the Orifice H, 
Hesulting in the Formation of a Ooncentrically Perforated Tul^ C, which is 
Drawn over the Wheel F, to (h(‘ Powder('utter Tr, l>eing (kioled us it Issues from 
th<^ Press, hy a (’irculation of Cold Water through the Pipe B. C i.s a Rope of 
P2-in. T’nwder. 


('like is liydrnulieally foired ^ into a long rope which is cut into pieces 
of a piv(let(‘niiiucd diiimoler, whi(‘h pieces, upon ('xpulsion of solvent, 

ing. The tof) h(*ad and pi.'ston arc leather packed, the atuffing-hox ]>eing })ronze. 
The powder cylinder is a steed casting 10 in. iii diameter, the nut shown on the 
floor going into its lower ejul. The press is suspenrled from the lugs shown cast 
on the u[>per edg(*s of the water cylinder. The strokes of the three machines are 
38, r>l, and 40 in. respectively. 

1. Under an impulse of :i,000-U,iX)0 lb. per sq.in., dejwnding upon the diameter 
of the powder grain. 
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become the finished pyrocollodion smokeless powder. These presses 
are shown in Fig. 295, and at A, in Figs. 293, 294. A block of col¬ 
loid D, Fig. 293, is inserted in the press and pressure applied. At tlie 
head of the press H, h^ig. 293, is inserted a cylinder as shown in Fig. 
290, and in section in Fig. 297, the result being that the impact of the 
ram forces the colloid out of the aperture at H, Fig. 293, as an endless 



Fig. 294 —Formation of Smokeless Powder Grains for Small Arms. T!u^ Press A 
is Similar to A, Fig. 293, tlio Ilejul B, (-ontaininfi IVenty Tlolibs, (*arh about 1 mm. 
Diameter, Arrange I so that the Tiilx' Issuirifi i herefrom ('ontains <»no Perforation 
about 9.3 mm. Diameter. Upon Application of J’mssure to .1, 3'wenty Separate 
Tubes Issue from the Head B, each Traveling Dow-n t lie Troughs (int«»a Receptacle 
1). The Troujjhs are not (!omposed of u ('outiiiiious Sheet, but, as Sliown, have 
Distinct “ Falls," by which Mean.sthe " Powtier Tliread " is boss Liable to Hreak, 
and Trav(‘l Ihrou^jh the Troughs More Readily. I’he h'llknl ltec»[>tacles I), are 
Tninsferred to B, anil l^aas Ihrough tiie Powder Cutter, which Severs tlie I'uhes 
into Individual Grains about 2 mm. loot?. 


rope (C, Fig. 293), flexible, warm and perforated with 1-7 circular 
passages aiT.anged concenti-ically.i Notwithstanding tla; wat.er-cooling 

1. The object of the small lengthwise passago.s, Ix'st seen in l’’ips. 29tl, 300, is 
to produce a coin|-)ensatin^ burning surfitce, which increases propoi’tioiiately as 
the externa! area of the powder srain diminishes \ip<m buniintj. This produces 
the progressive burning tpiality, so essential in securing the proix^r initial velocity 
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Fifi. 21)r>.—FinishitiR Press for Pyrocollodion Powder. 



I''lo. 2tKj.--'llydr:iiilic Powder-foimiiiK Press Head. B, (\ D is Inserted in A, with 
D Toward ft’. The Colloid Passes throuKh B, in tjie Direction of D, the Presence 
of V, Causing tlie Formation of the Group of Circular Passages. The Brass Head 
B, is a Plug u.sed Simply to Start the Formatitm t)f the Colloid Rope, E, being the 
Exterior of the Press. 
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and other ballistic qualities without undue erosion ofdhe rifling or other stress upon 
the gun. 

According to H. Maxim (Forum, 1901, 30, 595) the dense collmd of which 
smokeless powder is composed when properly made, is free from pores, and whoUy 
impervious to the hot gases with which it is enveloped in the gM. While mis 
material bums with comparative slowness when ignited in the air, and requires 
several seconds (or the consumption of a grain of oidin^ sise, when burned under 
pressure, the action is so rapid that in the normal service pressure of a gun—about 
35,000 II). jwr HI), in.—the same grain is consumed in aliout ^ of a second. The 



Fio. 29". -Section of Fig. 29G. The Colloid Passes through the Holes B, into the 
Channel C, Emerging from the Press at 7), (shown in Fig. 292). 



Fia. 298.—End View of Hydraulic Finishing Press for Smokeless Powder Manu¬ 
facture. F’rom the Issuing Orifice, the Endless Rope, Perforated from End to 
End with a Concentric Group o( Circular Passages is l,ed to the Powder Cutter, 

expulsion of the products of combustion m burning smokeless powder graiiu gen- 
erates a pressure upon the perforations in excess of that on the outer surface, 
and this causing a more rapid burning in the perforations, explains the resMn 
for the strong blast of flame thrown out of the perforations at each end, when 
the powder is burned in the air. And this difference between internal uid external 
pressure being increased in proportion to the increase in rate of combustion under wr- 
vice conditions, it is apparent that the tensile strength of smokeles powder panu 
(which is controlled by tlie nature of the colloiding solvent used, and the speed of 
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arrangement (B, Fig. 203), in the head H, and through which the 
colloid pass('s just befoit* issuing IVoni the jiress, flu; temperature 
of the issuing rope is 30-3.')°.^ It requires from three to forty minutes 



Fni. ‘JlMf 'Partly Coiisumol Grains of 12-inch (lun Smokeless Powder, Each 
(imin wIkmi Heady for Gse is about 5U mm long, 21 mm. Diameter and Weighs 
about 21 r> gin 



J'lo. ^100.—'vSmokeloss Powder of A'arious I-'orms and Sizes Designed for Different 
('ali!«*rs ol Naval (iun^. 


its subsequent elimination) become'' an inifuu’tanl factor in preventing the dis¬ 
ruption c.r blowing iqi in guns. The tangential strength, therefom, of a multi- 
j)erforated stnokeless powdtu* grain is |K'rhaps of as gr(*at importanct* as the strength 
of the gun in which it is proposcnl for use. If the powder grains lx.* made loo 
long or the peit’orations too small, they may explode, even w'hen burned under 
nimo.spheric otinditions. The higher tlie pressure in service, tin* shorter must 
Ik* the individual grain. 

1. In cooling, the flow of water is so arranged that the issuing colloiil is about 
30°, as it has Ijeen found that the knives of tlie powder cutter work l>eitcr when the 
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to force a ‘lO-lb. cake through the press, dependin'; upon the size and 
caliber of powder bein;; made.* Where the press is used to produce 
sinall-ai-ni powder, as that sliown in .1, Fig. 21)4, it is usually spoken 
of a.s a “ graining ” pre.ss. l''roin this pi'oss, the rope of nitrocotton 
is h^d directly to the - 

colloill is wiirni. The evaporation of ether is so hip:h in the eolhhd in this state, 
that if the ro|K' is not cut into individual powder grains witliin two or thix'o minutes 
lime of issimnee from tlie j)ress, there is liability of l-)reaking the knives. 

1. It is evident that hydraulic pn^sses of this type an' etpially eapalde of 
forming rods, tubes, stri])s, l)ands or sheets of ])yroxylln plastic as descrilx'd in 
('ha|)ter XIV. i»y varying the size and shape of the orifice at 11, Fig. 21):!, and such 
machines are used at the prc'^etit time for tills purpi»s('. 

2. II. Maxim has jiatenled (K.l’. filSl, 11)02) a jirocess for making smokf'lc'-s 
]>owder which consi.sts in forming the materia! into rod^ or l)ars s\iitabk‘ for powder 



ITn. :tni.—The du Pont Apparatus for the Manufacture of Explosive Powder in 

tStri[)s. 

grains wink* in the plastic .stale, then ('vaporating a portion of the contained 
solvent, am! then piercing the rods or bars with perforations. Ibe material is 
perforated from opposite .sid<*s to a <lepth which will leave such a tJiickne.ss of mate¬ 
ria] l>etween the botloins of the perforatiims as will just be burned through U*fo?c 
the projectik* leaves the gun. The material l>etwe(*n tlie botlorn <)l opposite hok'S 
should l>e the .srime thickness as tliat lietwwn th(^ sides of adjoining holes. Ihe 
cartridge case is filled with such nxls or bars, having rounded edge.s, of varying 
cro.ss-sectlonal dimensions, Imt perforated in such a manner as to elTect the 
simultaneous consumption of all parts of tlie charge. also J.J:5.(hT., 1001, 20, 
1141. ^ , . 

If it i.s desired that the plastic i.sMiing from the hydraulic pres.s shall be m 
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Powder Cutter. This consists of a foodinp; device (.4, Fig. 302J 
wliich delivers the plastic colloid rope to the powder cutters, the lattei 
l>eing two knives attached to opposite sides of a wIk'oI which revolver 
at right angles to the apj^roaching colloid rope inclosed in B. There¬ 
fore in one revolution of the cutting wheel two grains of finished 



Fi(i. ]*(»\v(l(‘r (’iillcr. Tlic Warm Pla,^tic Ri)p(' of Colloid I’a^soi- 

ovci tlu' liccl A and ted aKain>t a Revolving; Wlice'l, l^o(*al(*d in li, and Carry* 
jji): 1\N«» wljioli Sever (lie Hope* into Grains «»f ilje P('«juiivd htaifilli. 

powder ar(* fashiom‘<l. Tpoii heing s('v(‘)'ed from tiie rope*, tiie soft 
graijis drop into a clost'lv covered receptacle in order to minimize 
evaportition of etiier timi alcohol. When l!i(' container i.s tilled, the 


tli(‘ form <if vtriiw, the method of E. I. Dujvmt (C.S P. TOO'.US, lOO.'i). shown in 
Fiii. ai)l, is indicated Tiiis pros w‘is (h'siirned to «»hviate any lemhaiey of the 
Strips or rods to ilovs faster on one sale tlian the otlier and (Mmseiiucmtly to ooint 
out crooked, or to piodiicc* a nxl liavin.t' a decided “ ^rrain,” as tlie restill of whicii 
the I iterial has a tendency to lireak inori' (*asily m on(‘ diu'ctioii tlian another 
lt]s’(‘ad of cansiiiK tiu' i)n.ssap:e of tile plastic material from lh<‘ oj^tmin^r alone hj 
pU'ssnre applied Udhnd the plastic, tliere is plactxl at the month of the ofM'iiiup 
a ])air of rolls turned down at tins point to a less diameter tlian the contifrumis 
parts of the rolls, ap[)lvin^ only siillicieiit force l)(‘liinil the jdastic to feed it to the 
rolls, the rolls tlien delivering: tlie ]>lastic in even strips and without sulistantia, 
jitaiii. In carrying out this itneiiliou the explosive j)ow<!er in ])lastic conditior 
is ])laeed in the eylnuh'r A J’owi'r afifilaxl to the [liston li, forces the plastic 
material tliroimh the imzzlc C and ojienin^ F to the space formed l»y tlie oiKuiin^i 
Ih'Iwix'ii the rolls, th(‘ material Iw'iii^ confined from lateral movement !\y the walk 
(I and (’ and tlie sides of th(‘ funnel, the pressure Ilein^ insufficient to force the f>o\vdej 
through the opening hotw'ix'ti tlie rolls. When the rolls are set in motion, the 
pressure hein^ siiflicienl to feed the [ilaslio powiler In'tween the rolls, the latter wil 
eany it alon^, rolling it into a strip or strips of tiiiekness de|X‘iident upon the ilepti 
of the grooves in the rolls. Tiiese compress tiie strip in the direction of its thick' 
ness. The cylinder piston and no^vzle enahle with properly applicKl jiressui’e th« 
plastic pow’der to U" fed belween the rolls, while tlie rolls form it into an even 
strip and compress it to the desired thickness. 
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grains are sorted, imperfect ones discai'ded, and the balance taken to 
an adjoining building, whei’e the grains nndergo a process of 

Preliminary Solvent Recovery. At the monient the grains 
arc cut into the finished lengths, they contain about solvent., 
over G0% of which is ether. Of this 48'/,' of solvent, 2t)';,', or slightly 
over lOf;; of it is economically recoverable by the following method: 
From the powd('r cuttei' the ])owder is transferiral as (luickly as |)o.ssible 
to a solvent recovery building, being ])laced in rows and tiers of 
scpiare-cornered boxes with sides of wood and bottoms of 12-2(1 mesh 
wire. By nieaiLs of a brine system of I'efrigeration of the aii', the 
maxinunu of solvent is recovered in fi'oin eight to ten days.’ The 
mixed alcohol-ether solvent is used in the niamifactmv of ether, the 
ether, of conr.se, jjassing tlii'ough the i)roce,ss.“ The lecovered solvent 
consists roughly of Gofi; ether, 27'',i alcohol, S'l’,' water. 

The apparatus for evaporating solvent fioin smokeless powder 
as jiatented by B. Liedbcck ^ consists of a horizontal drum having 
one end o])en, revolving in a steam-jacketed casing. By means of an 
adjustable nozzle the iiowder grains are fed on to the inner surface 
of the drum along its whole width. Hot air is pas.sed over the di’um 
and the evaporated solvent carried to a cotidenser. By this means 
la,\'ers of cx-plosivc can be superimposed upon each othei' to any desiivd 
thickness, forming a hollow cylinder which can be cut open and removed 
from the .surface of the drum, on detaching the casing. 

If the solvent is driven out of the moist powder too rapidly, the 
latter may be spoiled by the formation of blisters, lamime, cracks, 
and similar irregularities, and the ballistic properties of the i)ow(lcr 
affected. Therefore for obtaining favorable results the solvcTit must 
be evaporated slowly and unifonnly with' gradual heating, which may 
be effected by providing that during the distillation, the gi'ain is 
constantly cnveloixal by the vapors of the mixed solvent in a clo.sed 
fbceijtaclc whose temperature is regulated, and by so arranging the 

1. The time iv(]iiiro(l for miixinmm solvent recovery will vary witli tlie ealiher 
of the powder grain IxdnB drieil, for 1',’ in. navy ijowiler, Is'ing aljoiil four day.s. 
When the powder leave.s the solvent recovery building it still contains 10- 1,0%'of 
flolvrnt, a small portion, only, which jh recovcruhlc. 

2. One f»fl1isfac1ory niellicK! of treatment of tlie repained mixed solvent i.s to 
consider it as if composed entirely of alcohol. The solvent is then run into the lead 
still containing sulphuric ackl, thence bubbled through caustic potash solution, 
thence' through & parting column still, with pans healed to about SO®, whereby 
the ether goes on, and the alcohol and water vapor is condensed and falls fxiek 
as in the usual process of manufacturing ethyl ether from alcohol. The alcohol 
wdiich is recovered from the alcohol-displaccrncnt hydraulic press, Iwifore colloid- 
ing the nitrocellulose, is usually first submitted to a slow distillation in an alcohol 
rectifying still with high coliimn.s, whereby the alcohol is concentrated from 50% 
to above 83% in a single distillation. 

3. U.S.P. 7J8484, 1003. 
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appliances necessary for the purpose that the solvent vapors which 
remain uncondensed, may immediately return to the place where 
they are generated. W. Nikolsky * has designed a plant to meet 
these requirements in which a specially constructed chest is used 
in which to heat the powder, an air compressor to draw the vapor 
out of the chest, a calcium chloride refrigerating system, which in 
turn is cooled by carbon dioxide or ammonia, and a receiver in which 
the condensed solvent accumulates. The arrangement is shown 
in Fig. 303. Where acetone is used as the colloiding fluid as with the 
highest nitrated celluloses—the guncottons proper—R. Robertson 
and W. Rintoul ^ propose to take the highly attenuated air from 
the dry houses in which the cellulose nitrate containing acetone is 



Fiii. —The Nikolsky ,\pparatus for Distilling off ami Recovering Solvent Used 

in Explosives. 

stored, the vapor being led through a special scrubbing tower,® through 
which a 30solution of sodium bisulphite trickles. The acetone so 
absorbed is recovered from the bisulphite solution by direct distillar 
tioi'. and condensation, without the addition of alkali, as practically 
all the acetone di.stills over before the bisulphite begins to decompose, 
and the latter can therefore be utilized again. On cooling the solu¬ 
tion any sul])hate formed crystallizes out. 

The Final Drying of the Powder takes place in a separate 
building, in w'hich no attempt is made to recover the volatile products. 
Of two systems of final drying in use in the United States at the 
present time, one depends upon the atmospheric air only, for elimina¬ 
tion of solvent, the air being heated to about 45°, with or withdut 

1. U.S.P. <104030, 1908; E.l’. 3001, 1900; alwt. J.S.C.I.. 1906, 25, 868. 

2. E.P. 2.5994, 1901; F.P. 329540, 1903; abet. J.S.C.I., 1903, 22, 441. 

3. See J.S.C.I., 1903, 22, 8.5. 
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previous extraction of moisture therefrom. In the second or forced- 
draught system, the powder is placed in wooden trays or drawers 
(Fig. 304) arranged in tiers, the trays and supports being preferably 
put together by means of dovetailing and glue rather than by the 
use of nails and screws. The powder is exposed to this uniform 
temperature, which is usually automatically kept with ±0.5® of the 
desired, for periods varying from two weeks to six months, dependit\g 
upon the caliber of the grain, and until a sample rasix-d to a fine 
powder, and exposed to a temperature of 100° until no further lo.^^s 
in weight occurs, shows a maximum loss of from 0.5-1.5%, 



Fki. 304.—Smokeless Powder Grain.? Tindergoins Solvent Expulsion in tli(^ Dry 

House. 

Circulation of air is maintained b\ means of fans, the air being 
heated by j)assage over steam coils, but whei'eas formerly the constant 
change of ah' was obtained l)y taking fresh air fi'om outside, it was 
found that the moisture incideiitalh introduced affected in time the 
stability' of the powder. Mori' satisfactory and uniform results are to 
be obtained by simply cii'culating tJie air in the drj' house, it having 
been found that the incident,al opening and closing of the doors was 
sufficient to remove the solvent volatilized from the powder gi'ains. 
One of the—as yet—insurmountal)le objections to pure cellulose 
nitrate powders when made into grains of large dimensions has been 
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1. U.S.P. <104030, 1908; E.l’. 3001, 1900; alwt. J.S.C.I.. 1906, 25, 868. 

2. E.P. 2.5994, 1901; F.P. 329540, 1903; abet. J.S.C.I., 1903, 22, 441. 

3. See J.S.C.I., 1903, 22, 8.5. 
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possible as regards nitrogen content, solubility, composition and pro¬ 
pulsive power, it is customary to blend all smokeless powders before 
they are packed for u.se. The smaller the individual grain, the more 
simple is the blending process. The following, known as the ‘‘ barrel 
and bin ” method and the “ tower ’’ method, are used at the present 
time for blending large caliber grains, to the author’s knowledge, and 
with satisfactory results. 

In the tower method a building of three or better four floors is 
constructed, the center of each floor consisting of a wooden funiud, tin- 
lined and of capacity of about 4-.') tons of powder. The funnel on 
one floor is directly in line with that of the next, the lower funnel neck 
being directly over a weighing machine, automatic or otherwise. The 
blending is produced mainly by devi(!cs located in the necks of the fun¬ 
nels on the several floors, the neck.s being square, some of the devices 
being as follows; (a) the neck is divided diagonally into four eipial 
triangles, which spread out the grains as they drop into the next lower 
funnel; (h) a hemispherical wooden block, convex toward the neck, 
is placed a few inches lower than the bottom of the neck, the effect being 
to spread the j)owder grains, on the same principle as the spray from a 
ball-nozzle; (c) the neck is divided into four chutes branching out 
at right angles, which distribute the grains at the four corners of the 
succeeding funnel; (</) the neck may terminate in a 10 in. canvas 
hose, by means of which the grains may be disti'ibutcd around the 
next lower funnel, and at the will of the operator. The neck may 
contain a sejuare box of a height above the pile of powder grains, 
when by lowering this box or hollow shaft, the grains from the top 
of the pile arc first taken, and become the bottom of the next lower 
funnel. The powder is raised to the top floor by means of a Imist-, 
and allowed to percolate down through the different funiuds, being 
int(uccptcd and dispersed by the mechanical arrangcimmts in the 
neck of each. .\t the last fall, the grains are weighed out into regula¬ 
tions containers, and ston'd in a cool, dry place of uniform tempcu'ature. 

In another arrangement a series of smaller vats arc made to empty 
into a larger one by a series of chutes which pour together into the; 
main chute. By having four floors to a blending house u.sing this 
method of admixture, the proc(!ss is repeated twic(;, and a thorough 
blend is obtained. The methods used to blend grain in elevators 
and mix flour in mills are equally applicable to powder.* 

Ballistite. The first combination of nitrocellulose with nitroglyc- 
erol to form a smokeless powder was the ballistite of A. Noble patented 

1. For method of blending smokeless powder at (presumably) I’icatinny Arsenal, 
sec Jour. U.S. Artil., 1910,, 34, US. 

2. E.P. 1471, ISSS. F.P. 185179, 1887; 199091, 1889. 
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1. U.S.P. <104030, 1908; E.l’. 3001, 1900; alwt. J.S.C.I.. 1906, 25, 868. 

2. E.P. 2.5994, 1901; F.P. 329540, 1903; abet. J.S.C.I., 1903, 22, 441. 

3. See J.S.C.I., 1903, 22, 8.5. 
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Cordite.' It has been claimed that certain defects developed 
in the earlier forms of ballistite, mainly due to attempts to incorporate 
into the mass camphor and other bodies. The English (loveinment, 
through F. Abel and J. Dewar, obtained patent protection - the year 
after Nobel's ballistite patent had been granted, for an explosive in 



Fig. 304.—Pressinj? ( ordito (1 igs. 304 -30H arc taken from Arms and Kxplosive.s 

241, 242). 

which nitroglycerol i.s comliined with nitrocellulose, a small amount of 
vaseline being included.^ The original product, to which the name 

1. See Arms and Explosives, 1001, 9, 67; 1008, 16, 14; 1010, 18, 8.">, 100. For 
“ Investigation of the Law of Burning of Modified ('onlite,’’ see Mansell, I’liil. 
Trans,, 1907, 207-/1, 243; Proc. Roy. Boc., 1907, 79-/1, 307; .trme and Expl., 1907, 
l.>, 100. For mercury in cordite see J. Nav Eng., 1007, 19, 7S0; Haldane, Milt. 
Seew., 1007, 3,), 798; Marshall, J.S.t'.I., 1904 , 23, 64.1; E. Anderson, Arms and 
Expl., 1898, 6, 71, 

2. E.P 5014, 11664, 1880; F.P. 19.8496, 200275, 1880. 

3. No doubt Nobel’iS balliuStite patent paved the way for the combination of 
nitroglycerol with nitrocellulose, but 11. S. Maxim preceded (E.P. 18663, 1888; 
4477, 1889) Abel and Dewar in a mea.sure, although whereas Maxim mcntioneil 
the addition of 2-10% nitroglycerol to an acetone solution of guncotton, this was 
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of “ Cordite ” was applied,^ consisted of tutroglyceroi 58%, guncotton 
insoluble in nitroglycerol 37%, and mineral j^y, « product of dis¬ 
tillation of crude petroleum 5%. To effect the gelatinization «f the 
guncotton, 19.2 parts of acetone was employed. The large propor¬ 
tion of nitroglycerol present resulted in a very high heat of explosion, 
and the erosion produced on the rifling of the guns, especially in the 
high calibers, was considerable. This led to experiments being car¬ 
ried out in 1890, as the result of which a less erosive explosive was 
evolved, to which was given the name “ Cordite M.D,” or or “ M.D.S. 
Cordite,” and in which the nitroglycerol is reduced to 30%, the other 
constituents being guncotton ^ 65%, and mineral jelly ^ 5%. 

omitted in the complete specification. For the question of whether the English 
(iovernment did or did not pirate the ideas of Noble and Maxim in obtaining Cor- 
<litc, see reports of various lawsuits abstracted in Arms and Explosives. 

1. So-called on account of the string-like or cord-likc appearance. 

2. For .the manufacture of cordite, the British Government specifies that the 
cotton waste used shall not contain over 5% moisture, over 1% ash, or more than 
0 S% fat when ether extracted in a Soxhlet. The guncotton, which contains, os 
a rule, not over 10% of soluble guncotton, is mo<le by the Thomson Displacement 
Process of nitration, as descrited in Chapter III, with the following diflerencc.s: 
Tlie composition of the nitrating acid is said to lie sulphuric acid 70.6%, nitric 
acid 2\%„ nitrous acid 0.6%, and water 7.9%. The quantity in each pan above 
the bottom plaP's is 600 lb., and Ijelow the plates is an additional 50 lb. A 
charge of 20 lb. of cotton waste is then immersed in the acid handful by handful, 
aluminum dipping forks lieing used for this purpose. When all the cotton waste 
has Ikx'ii pushed under the surface of the acid, perforated plates in segments are 
j)laced on the top of it, care being taken that all cotton waste is Ijelow the surface 
of the acid and a film of water at a temperature of from ,5-8° is run gradually on 
tlie surface of the plates through a distributor. 

'J'he nitration is allowed to proceed a maximum of two hours, at the e.xpira- 
tion of which time a cock is oiwiietl and the acid allowed to run off at the rate of 
17 111. a minute. Water, cooled if necessary, is run on to the top of the ijerforatcd 
plates Ihrotigh the distributor at an ecpiivalent rate. The major portion, amount¬ 
ing to about of the total waste acid, is returned to the acid store tanks to be 
revivitied with Nonlhausen sulphuric and new nitric acids. The composition 
of this waste arid is; 72.7(19!) sulpbviric arid, 17.St)% nitric acid, (l.fiS*;','. nitrous 
acid, water. The remaining 20% of the waste acid is sent to the acid con¬ 

centration factory fur denitration and concentration. The quantity of acid thus 
dealt with amounts to about 4 lb. for eveiy pound of guncotton. Its composi¬ 
tion is: 61.0(1% sulphuric acid, IV.IhlOc nitric acid, 0.5.")% nitrous acid, 21.109?, 
waM‘ .'V small proportion of tia* water which follows the recoverable waste acid 
is slightly acid to the extent of about 0.1 lb. for every jiound of guncotton made. 
This is the total quantity of acid that is lost during the process. 

.\eeoriling to Kynoch, Ltd., and .V. Cocking (E.l’. 457, lOOli) in the manu¬ 
facture of explosives, such as “Cordite M.l).,’’ containing a high proportion of 
guncotton (059;) danger arises during the hand-mixing and sub.sequent incorpora¬ 
tion in the kneading machines, liecause tlie proportion of nitroglycerol is insuf¬ 
ficient to moi.sten the whole of (he guncotton. To minimize the danger arising 
from this dry guncotton liust, it. is proposed to dissolve the nitroglycerol in its 
own \’olume of methylated spirit before adding it to the guncotton, and thus a 
thorough wetting of the latter is obtained. The acetone is added, as usual, iu 
the incorporating machine, but a smaller quantity will suIRce. .\ny other volatile 
liipiid ingreilient, such as ether, lienzene. or naphtha, will also serve the purpose, 
provided it dissolves nitroglycerol, and lioes not gelatinize, guncotton, and is used 
iu sufficient proportion to thoroughly moisten the guncotton. 

3. F. L. Nathan (Discourse deliverol at Roy. Inst., .Tan. 29, 1909; reprinteil 
N. 1909, 99, 136, 1.52, 1,59) stiys: 
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“ Cordite in the advanced experimental stage consisted of nitroglycerin and 
guncotton alone, and as their combustion produced no solid residue of any kind, 
the surface of the bore of the magazine rifle in which the early experiments took 
place was not fouled in any way. The result was that the cupro-nickel coated 
bullets, propelled in succession at high velocity through a clean barrel, deposited 
some of the cupro-nickel in the bore. In order to prevent this a numljer of sul> 
stances were incorporated with the nitroglycerin and guncotton, with the object 
of producing a deposit of the Imre, which it was hoped would get rid of the difficulty 
of metallic fouling. Of all these various aul)stances the one which appeared to 
answer the purpose most satisfactorily was refined vaseline, and this material 
became the thini ingredient of cordite as eventually introduced into the British 



I'm. dO.i.—Cordite Kneading Machine. 


Service. When the manufaoture was commence ! on a large .scale. va.seline. which 
is the proprietary name of one of the refined products of the di.stillation of petro¬ 
leum, was replaced by mineral jelly, the same material, but in a cruder form. 

“ The original object with which mineral jelly was introduced was of no importance 
when cordite was substituted for the black and brown powders used in large guns, 
but in order to liave but one nature of smokeless powder in the service, mineral 
jelly was added to all cordite whether for u.se in small arms or artillery, .siub.so- 
quent experience has demonstrated how very fortunate was the selection of this 
material for rifle cordite and the extension of its use to all sizes of confite. 

“ Mineral jelly is one of the best ingredients it is possible to have in smoke¬ 
less powders from the point of view of their chemical stability. This irajiortant 
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The method of nmnufjLeture of corditx* as described by W. Ander¬ 
son ^ is as follows: The guncotton is transported to the nitroglycerol 
factory ^ the required amount of nitroglycerol poured over it, the 



Fig. SOP).—Uo-roclinR (Hlendinp:) of Cordito 

guiicoKon having been previo\isly dried. Tlie tw(» constituent's are 
mixed either l)y hand as in the (‘arlier method, or by machinery aided 

fact, not recognized originally, was brought out in the following way: In order 
to iacilitate tiie explosion of coixiile in blank animunition for the rifle, it was cut 
into very thin flakes, and the non-explosive mineral jelly was omitted from its 
composition. After a com])aratively snort storage in a hoi climate, the stability 
oi the smokeh'ss i)lank, as it was called, was found to have suiVered wriously, whereas 
tlie sta(>ilily of nonnal conlite containing mineral jelly was not appreciably affected. 
'J'iiese facts led to a thorough investigation at Waltham Ablx?y of the action of 
mineral jelly in prcs<‘rviiig the stability of cordite, and it was discovered that 
niiiKTal jelly contained constituents which had the valuable property of combin¬ 
ing with tlie decomposition products (the result of prolonged storage of cordite 
at high tenifieratun^s) to form stable bodies, thus removing the.se decomposition 
products, which undoubtedly exert a deteriorating influence on tJie cordite, from 
tlioir sphere of motion.” 

In the E.P. lS2fl9, 1904, T>. T^e Brooqy, claim is made for the employment, in 
the manufaetiii’e of cordite, of a pure or refined hydrocarlsm oil or jelly such as 
white mineral jelly” or pmijjinum lujuidum, with or wilh(/ut the laldition of paraffin 
wax or ciuvsin or both, in place of the “ semi-crude mineral jelly ” usually ernployeil. 
Tlie tleterioralion which coniite sulTers on exposure to lieat and light or liy mere 
.storage for a length of time is stateil to l>e due to the fad that the “ semi-crude 
mineral jelly” omployeil in its manufacture becomes partially nitratetl owing to 
il^ content of olefines and naplitiienos. 

1. ” Properties of (kirditc, ’ tlie Inst., 1S!)0. Ifi pp. Reprint Minutc.s of Proceed¬ 
ings Inst. (iv. Eng.. 1S98-1S99, v. 136, pi. 2. An exhaustive and detailed article 
of manufaclure of cordite with cuts of machinery us<'<l. For conling manu¬ 
facturing apparatus, see (b Kynoch & ('o , Ltd., and A. C(x;king, E.P. 22190, 1897. 

2. The nitroglycerol and nit rix^ellulose are mixed in the Ituilding where the 
last stages of mannfiicture of the former is carried on, it having })een found that 
mixing tJio two explosives results in a comparatively inert compound, which although 
highly inflamniable is not easy to explode and may lie transported from place to 
place with safety If, therefore, any storage of ihc incompletely prepared corflite 
IS reejuired, it takes the form of tins mixture, rather than of the separate ingredients. 
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by air under pressure. The mixture is then placed in a mixing 
machine similar to that shown in Figs. 60, and, 292^ preferably sur¬ 
rounded by a water-jacket, the acetone (20%) poured in, and the 
mass slowly kneaded for 3^ hours.2 At the end of this time the va.selinc 
is added in one portion and the mixing continued for a further period 
of 3J hours, at the end of which time it will have been found that the 



Fig. 307 —A Rifle Cordite Pre.sa. 


acetone has completely penotrateil both the nitrocellulose and nitro- 
glycerol, producing a homogeneous .structurele.ss and non-granular 
paste, of the consi-stoncy of dough. The cordite i)aste i.s hydi’aul- 
ically pressed into cord foi-m, by nutans of presses similarly acting to 

1. Wood {cypress or oak) may replace the steel Lody and iron nni,\ing paddles, 
to minimize danger. 

2, To guard again,st frictional electricity developed liy the tielta, connect the 
machines electrically to the ground, and place a hrush collector, also earthed, near 
the belt. For fourteen cuts of .Stowmarket Cordite Works see Arms and Expl 
ISOS. B. 23S. 
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to iacilitate tiie explosion of coixiile in blank animunition for the rifle, it was cut 
into very thin flakes, and the non-explosive mineral jelly was omitted from its 
composition. After a com])aratively snort storage in a hoi climate, the stability 
oi the smokeh'ss i)lank, as it was called, was found to have suiVered wriously, whereas 
tlie sta(>ilily of nonnal conlite containing mineral jelly was not appreciably affected. 
'J'iiese facts led to a thorough investigation at Waltham Ablx?y of the action of 
mineral jelly in prcs<‘rviiig the stability of cordite, and it was discovered that 
niiiKTal jelly contained constituents which had the valuable property of combin¬ 
ing with tlie decomposition products (the result of prolonged storage of cordite 
at high tenifieratun^s) to form stable bodies, thus removing the.se decomposition 
products, which undoubtedly exert a deteriorating influence on tJie cordite, from 
tlioir sphere of motion.” 

In the E.P. lS2fl9, 1904, T>. T^e Brooqy, claim is made for the employment, in 
the manufaetiii’e of cordite, of a pure or refined hydrocarlsm oil or jelly such as 
white mineral jelly” or pmijjinum lujuidum, with or wilh(/ut the laldition of paraffin 
wax or ciuvsin or both, in place of the “ semi-crude mineral jelly ” usually ernployeil. 
Tlie tleterioralion which coniite sulTers on exposure to lieat and light or liy mere 
.storage for a length of time is stateil to l>e due to the fad that the “ semi-crude 
mineral jelly” omployeil in its manufacture becomes partially nitratetl owing to 
il^ content of olefines and naplitiienos. 

1. ” Properties of (kirditc, ’ tlie Inst., 1S!)0. Ifi pp. Reprint Minutc.s of Proceed¬ 
ings Inst. (iv. Eng.. 1S98-1S99, v. 136, pi. 2. An exhaustive and detailed article 
of manufaclure of cordite with cuts of machinery us<'<l. For conling manu¬ 
facturing apparatus, see (b Kynoch & ('o , Ltd., and A. C(x;king, E.P. 22190, 1897. 

2. The nitroglycerol and nit rix^ellulose are mixed in the Ituilding where the 
last stages of mannfiicture of the former is carried on, it having })een found that 
mixing tJio two explosives results in a comparatively inert compound, which although 
highly inflamniable is not easy to explode and may lie transported from place to 
place with safety If, therefore, any storage of ihc incompletely prepared corflite 
IS reejuired, it takes the form of tins mixture, rather than of the separate ingredients. 
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inflexible to admit of sufficient bending when the solvent is eliminated.* 
Drying is conducted over steam pipes heated to 100“ F., and varies 
in time from days, for size No. 3 (0.03 in. diameter) to fifteen days 
for size No. 50 (0.5 in. diameter). The larger sizes may be cut into 
strips with a powder cutter, and placed in lengths on trays in the dry- 
house, to facilitate expulsion of solvent. The cords are blended after 
diyiiig by reeling ten reels onto one drum simultaneously- and in 
the smaller sizes, by ri'-reeling the contents of six larger drums to a 
single drum, thus giving a blending of one in sixty.. The larger 
strands are most conveniently blended by hand. After blending, they 
arc cut into the reciuired lengths for filling the various-sized cai'tridges, 
.a load consisting of one cut of the sixtc' strands the prescribed length.'* 
'I'lic finished explosive ajjpeara as light to dark buff cylinders, 
either solid (in the smaller sizes) or with a single centi'al perforation 
(in the larger sizes), the color of the vaseline used modifying in a 
largo measure the shade of the finislu'd product. Its consistency is 
that of vulcanized rubber, with yellowish fracture. The fractured 
surface usually has an odor of acetone, ^^'hen ignited. It, like tke 
pure nitrocellulose powders, bums with a luminous flame which may 
be readily extinguished by blowing sharply on it. ■ 

The constiints of explosion of cordite and cordite M.D., determined 
at the Royal Guniiowdcr Factory, are as follow.s: 


Explosives. 

DcDsity uf 
loatiinR 

Heat of explosion 
lit cuimtant volume, 
water gosonus 

1 

1 Total fcascH, water 
gaseou'i at C. 

\ and 7ft() mm. 

Temperalurt* 
of oxplnEuuti. 

Cordite. 

■ 0.2 

CalorioH jipr Rru 

1150 

Cl', pf'r Rm. 

871 

“C 

2063 

Cordite M.D. 

0.2 

065 

920 

2374 


This shows a decrease in the heat of explosion of about and 

an increase, in the volume of gases of about 5.)®/(, while there is a 
decrease of 289° in the temperature of explosion. As would there¬ 
fore be expected the erosion produced b)' cordite M.D. is verj' much less 
than that produced by the original cordite for the same, ballistics, 
and is said to be not greater, if as great, as that produced by the best 

1. It was found that the larfser sizes liccume so stiff as to acquire a permanent 
set to the curves of the reel, while the cordite for rifle cartridges did not suffer from 
this cause, and for it the reel system as been found most convenient. 

2. The 10-strand re-reeling machine will take 25 lb. cordite per hour, the 
speed of reeling being 254 ft. per minute. The 60-strand will reel 36.5 lb. per 
hour at a speed of 52 ft. per minute. 

3. Cordite -without vaseline is used for blank cartridges, the cordite made 
without vaseline being used in the form of chips instead of cords, but being made 
by cutting up the cords. 




fonna of.Mroce&ul(»e. Ri R^rtson * iiae fdioid ('he heat develqp^: 
Uy the explosion of cordite M.D. to be 200 calories less than that of 
eoidite, which: is in aecord with the investigations of J, Petavel.^ 
F. Jo]^^ foimd Uiat with an actual comporition of cordite M.D. of 
13% nitrogen ^cotton 68^84%, nitroglyoerol 29.47%, _ vaseline 
4.91%, and moisture 0.79%, the equation for eombustion may be 
expressed as 

12CeHtfNOs}s +32CH2+CioHi oOj+5C24H2s02o(N02) u + 4 H 2 O= 

65 C 02 +129CO+ 68 H 2 O+ 70 iH 2 + 45 iN 2 , 

the weight in grams involved being 9123. 

M. Abelli^ attempted to obtain an explosive of the general 
nature of cordite, which shall develop the minimum temperature of 
combustion consistent with maintenance of the maximum ballistic 
force. He claims that rntroguawdin, NH 2 .C(NH)NHN 02 , which is 
stable, decomposes at a temperature above 200 ° and is insensible to 
shocks and friction, diminishes in a marked degree the corrosive effect 
on the metal of the gun. As a combination which gives to projectiles 
unusually high initial velocity with relatively low pressures, and with 
temperature of explosion so suflSoiently moderate that the erosion of 
the rifling is almost wholly eliminated, the patentee submits nitro- 
glycerol 46, nitrocellulose 30, nitroguanidin 25 (all parts by weight) *. 
A. T. Cocking * attempted to overcome some of the defects of cordite 

1. Proc. Roy. Soc„ 1907, 79-A, 320. 

2. This author (Brit. Assoc., Southport, 1903, Engmeerinf, 1903, 76, 452) 

carried out a series 01 e^timents with oc^te in spherical and cylindrioal explosive 
chambers connected with teooidii^ pressure-gau^. The spherical chamber h^ 
a diameter of 10 cm.; the cylindri^ chamber was 69 cm. and had the 
capacity as the spherical one, via., about h^f a liter. The cordite waa used in the 
form of thin threads or sticks, and the influence of the siie of the cordite, of the 
oharginfj density (expressed as the weight of the duffse in gms. divuied Iw its 
volume m cc.), which is also the gas density after the erosion, s^ of the shape 
of the iuolosure was determined. The ptmutes recorded reached 2,000 atm^ 
pheres. The fact that the larger and the more finely divided the nmterial of the 
charge, the Quaker is ^ explonon, i«., the steeper ate the ex^sion curves, waa 
oonfiimed. Ibe explodve burnt qiuoker under high than under low presaurea. By 
doubling the charge, m(»e than double the pressure was -product. In the cylin> 
der the charge cooled four times as quickly as in the sphere. In the emrimenta 
with the sphere the ezplosive^ave ourves were regular, but with Uie eylm^r they 
were wavy, owing to the vibrathma aet up. When the riiagge was not unifonnly 
distributed, these vibrwtaona beeaeae dangerous. See also Lw and iWvel, Proo. 
Roy. Soc., 1907, 76-A, 277. ’ 

3. Arms and ErroL, 1906, U, 7. 

4. U.3.P. 899855, 1908; in F.P. 360787, 1905, dicyandieaddhta, guaii&line 
nitrate, and mtroaoguanidine are mecified aa «o<flmg agenta in propeUan^ leatflt* 
ing in lower tmnperaturee at exidoinan without {oaa of hallistice. 

5. The nitrc^iuanidm, whkh ig eryatalBne a^ di&rultty aoluhie in water, may 
be ineorporated with moist nitroeeUulose meriranieally, or by means (fl a mutud 
solvent, as ether-alochd, ethyl aeetate. amyl aedtate or acetone. ' 

6. E.P. 16666,1905; UBf. ^68,1W8. 
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by the addition of alkali and alkaline earth tartrates' together with, 
a vegetable oil to a nitroceUulose-nitroglycerol propellant, his pre¬ 
ferred formula being* 


Nitroglycerol. 

Nitrocellulose .... 

Vaseline. 

Olive oil. 

Potassium tartrate 
Barium tartrate .. 


30 to 40 parts.' 
60 to 50 parts. 
2.5 parts. 
2.5 parts. 
0.9 parts. 
4.0 parts. 


The three most pronounced favorable qualities of propellants of 
the cordite type are, safety, stability under varying climatic con¬ 
ditions, and uniformity with regard to ballistics. The main objection 
to it is that the high degree of heat developed upon combustion causes 

1. 4% barium tartrate and 0.9% potasBium tartrate is sMcificd, which mix¬ 
ture upon combustion produces 2.8% barium carbonate and 0,55% potassium 
carbonate. Tlie purpose of the addition of these salts is stated to be to lubricate 
the gun barrel, neutralise any acid products of combustion which would otltfr- 
wise cause corrosion; which is substantially as smokeless as an explosive in which 
barium without potassium tartrates is used; and lias the lubricating properties 
of an explosive in which the potassium without the barium salt is used. Tartrates 
lower the temperature of combustion. 

2. The proportions of nitroglycerol and nitrocellulose may bo varied within 
the above lunits, but for an explosive of moderate power the preferred proportion 
is 35 parts nitro^ycerol and 55 parts nitrocellulose. 

The nitrocellulose is first incorporated with the nitroglycerol; then the vaseline 
with the olive oil and the mixed tartrates added. This latter mixture is then 
thoroughly incorporated with the first or nitroglycerol-nitrocellulose mixture 
until a homogeneous plastic mass is obtained. To obtain the best results it is 
preferred to give the explosive compound .the shape of strips or fl^cs of ribbon 
section with longitudinal ribs. The purpose of the addition of olive oil or like 
fixed oil soluble in acetone, alcohol or other solvent used in the. incorporation, 
is to reduce the temperature of combustion, while .olive oil also has the important 
property of giving greater chemical stability to the compound. According to 
H. Maxim (E.P. 28376, 1904) in making rods or cylinders of a self-combustible 
compound, designated “motoiite,” which are intended to be burned in a con¬ 
fined space to provide motive power for driving automobile torpedoes, the difliculty 
presents itself, that if the rods are made by forcing the plastic “motorite” through 
dies, longitudinal rifts or cracks occur which allow the flame to pass along the 
rod, so that explosive rather than progressive combustion ensues. To avoid 
this difficulty the “motorite,” which is a mixture of 60 parts of nitroglycerol, 
6 parts of soluble guncotton, 35 parts of trinitrocellulose or "military guncotton,” 
and dissolved in 30 parts of any suitable solvent such as acetone, is kneaded thor¬ 
oughly and rolled into sheets, part of the solvent being evaporated by heating the 
rolls to 120° F., any cracks that may be formed being in a direction parallel to the 
surface of the sheets. The sheets are punched into disks, which are placed one upon 
the other and pressed, forming short cylinders. The flat surfaces of these cylinders 
are meustened with the solvent, several cylinders being then built up into rods 
or longer cylinders. The solvent is dried off and the sides of the rode coated with 
a vami^ which is not self-combustible and which is composed of collodion gun^ 
cotton, camphor and a suitable solvent, preferably acetone. The cylinders are 
then dried aixl forced into metal cases. In rods so formed any cracks are in a 
direction at an angle with the length of the rod, and consequently the rods burn 
slowly and steadily. 
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rapid erosion of the bore of the gun. C. Claessen ^ adds fenchone to 
powders of this type, for the purpose of reducing the temperature 
of combustion, regulating the ratio between the gas pressure and the 
initial velocity, and increasing the stability of the products. 

Moddite * introduced by Eley Bros., Ltd., is described by them as 
an improved, modified cordite. They point out that while Mark 1 
Cordite gives satisfactory velocity results in service, it possesses the 
objectionable characteristics of causing great heat and erosive effects, 
'ilthough extensively used for sporting express cartridges, mainly on 
account of the fact that it could always be relied upon to readily ignite. 
Moddite is put forward by the makers as an explosive which combines 
the virtues of cordite from the viewpoint of sensitiveness to cap igni¬ 
tion, and of modified cordite in the strip form (otherwise known as 
M.D.S. cordite) in respect to insensitiveness to differences in tempera¬ 
ture. Moddite is stated to have the same general composition as cordite 
and M.D.S. cordite. As compared with ordinary cordite the charges 
giving standard ballistics in express rifles are nearly 5% less in weight. 
Thus 57 grains of moddite takes the place of 60 grains of cordite. Just 
as ordinary cordite may be cut into bundles of strands of a definite length 
(eciual length meaning equal grains weight from the powder loading 
standard of accuracy) so moddite charges may be cut off without the 
necessity of making a fine adjustment of the charge by a subsequent 
weighing process. Moddite is applicable to all bores of military rifles. 

Axite ® a nitroglycerol-containing nitrocotton powder, is somewhat 
similar in composition to cordite and cordite M.D. It is manufactured 
by Kynoch Ltd., at Witton, Birmingham, and comes into commerce 
in a T-shaped ribbon, A high velocity and hence flat trajectory 
is claimed for this powder, and an almost entire absence of erosive 
effect on the gun rifling. 

. U. S. Army Powder Factory is located at Picatinny Arsenal, 
Dover, N. J., the daily output being approximately 1,000 lb. cannon 
smokeless powder, and 250 lb. of smokeless powder for small arms per 
day, although the factory is being enlarged to a capacity of 2,000 lb. 
cannon and 1,000 lb. small arms powder per eight-hour shift, and equip¬ 
ment is being installed to work daily three shifts in an emergency. 
“ For the construction and successful operation of this plant much 
credit is due Maj. Odus C. Homey, who has been in command of 
Picatinny Arsenal since June 1907, , , All sizes of cannon smoke- 

1. E.P. 11365, 1910. 

2. Arms and Expl., 1908,16,18. 

3. Arms and Expl., 1605, 13, 54, in which are specified means taken to diminish 
erosion of barrel with axite. ,S« also their E.P. 12892, 1905. 

4. From Report of the Chief of Onlnance, 1910, p. 38. 
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less powder are manufactured there, as well as powder for the cal. 
.30 Magazine Rifle, at a present cost of 39i cents per lb., to which is 
to be added the overhead charges for interest, depreciation, etc., which 
amounts to about 16.4 cents per lb., thus making the total cost 55.9 
cents per 11). The powder is a pyro-nitrocellulose of 12.6-12.8% N, 
colloided with ether-alcohol. One per cent of graphite is incorporated 
in the .30-cal. powder during mixing or kneading the colloid. It is 
also coated with graphite just before packing. Otherwise it does not 
differ in composition from cannon powder. The .30-cal. contains a 
single longit)idinal, central perforation, while the cannon powders 
contain the usual seven perforations as shown in Fig. 300. Approx¬ 
imately 370,000 lb. of cannon powder and 12,500 lb. of caliber .30 
small arms powder were manufactured there during the fiscal year 
ending June 30, 1910, the employees at the latter date being 324. 

Indian Head Powder Factory. The Government Factoiy at 
Indian Hoad, Maryland, commenced the manufacture of nitro¬ 
cellulose and smokeless powder therefrom in June, 1900. All calibers 
of cannon powder are produced there; during the fiscal year ending 
June 30, 1910, 801,284 lb. being made at $0,432 per lb. One pound 
of new powder requires 0.70 lb. of cotton, 3.99 lb. of mixed acid, 
and 0.94 lb. alcohol. A complete solvent-recovery plant and acid 
plant is installed, the nitrocotton being made entirely by the cen¬ 
trifugal method. A cotton found suitable for nitration is the lint 
that remains on the cottonseed after it leaves the gin. Although a 
veiy short fiber, there is a distinct advantage in a short fiber m that 
it more readily pulps and the nitrating acid is more easily removed. 
No graphited smokeless powder is prepared at Indian Head. 

During 1910, 432,797 lb. of old powder was reworked at a cost of 
$0,150 per lb., 118 lb. of old powder being required to make 100 lbs. of 
reworked, due to the loss in purification of the old material. It is 
proposed to reduce this to 110 lb. The general process of reworking 
is to grind the powder grains to dust under water by revolving wheels, 
after which the material is treated as if nitrocellulose. The impurities 
which tend to lower the heat test are removed by a subsequent series 
of washings. Reworked powder is not as efficient for guncotton 
blocks and torpedo work due to the fact that the changed structure of 
the nitrocotton causes difficulty in proper adhesion when the block is 
subjected to the final hydraulic pressure. As the nitration is some¬ 
what lowered by age, an average lot will probably rim lower in nitration 
than new powder and need a slightly larger charge. 

Indurite,‘‘also known as Naval Smokeless Powder, is the inven- 
1. See J.A.C.S. 1896, 18, 834. 
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tion of Professor C. E. Munroe, and patented * by him in 1893. Dried 
pulped military guncotton was first freed from lower cellulose nitrates 
by extraction with wood alcohol, as long as an extractive could be 
obtained. There was thus obtained a residue of higher nitrates in 
which the lower cellulose nitrates had been eliminated. The highly 
nitrated cellulose was next gelatinized with mononitro-benzene, in the 
proportion of about 0.9-1.8 of the former to 1 of the latter, by passing 
the mass repeatedly through mixing rolls and masticating machinery, 
whereby it was “ colloidized ” into a dark translucent mass resembling 
India rubber. The sheet was stripped off, cut into strips or formed 
into grains, the granular explosive being immersed in water at 100° 
in order to volatilize the nitrobenzene, the operation requiring about 
twelve hours for small grain powder for shoulder arms. As the 
cellulose nitrate hardened and became indurated (whence its name), 
the mass became light yellow to gray, and very dense and hard. This 
physical change in state could be varied within limits by a press designed 
by the inventor, so that the product could be modified " from a brisant 
rupturing explosive to a slow-burning propellant.” 

Maximite, the invention of H. Maxim, has passed tlirough several 
forms as an explosive, in all of which nitrocellulose has been a leading 
constituent. In the original product, patented in 1899, a mixture of 
trinitrocellulose and nitroglycerol was gcUatinized by acetone, a small 
amount of castor oil being added. Tliis is not very dissimilar to 
original cordite. In 1899* Maxim published his inethod of powder 
manufacture, in which nitrated cotton is ground to great fineness 
under edge rollers, together with 2-15% of resinous matter,* the entire 
mass being finally pressed into blocks of size suitable for use in ordnance.'* 


1. U.S.P. 489684, 1893; E.P. 580, 1893. Leonard Smokelem, a nitrocellulose 
powder manufactured in the United States by M. E. Leonard (U.S.P. 607279,1893), 
and composed of nitroglycerol 50, nitrocotton .50, lycopodium 10, and nroa 4 was 
mixed to a uniform paste, forced through dies into strings, and cut into grains. 
Peyton powder, made by the California Powder Company, was similar to Leonard 
Smokeless, but contained less nitroglycerol and was more brittle. It contained 
a small amount of ammonium picrate. 

2. E.P. 10071, 1899. For waterproofing explosives with celluloid, see F, 
Timmel, E.P. 2592, 1903. 

3. ^ his E.P. 16311, 1896, Maxim adds 5-10% wlatin-pyroxylin to trinitrocel¬ 
lulose in combination with a small proportion of nitroglycerol, very little solvent 
being required provided the mass be united at a suitabte temperature, the finished 
product drying uniformly and without diflBculty. He uses 80% nitrocotton of the 
highest degree of nitration, to which is added 8-10% gelatin-pyroxylin at a tem¬ 
perature of 100-160° F., acetone, equal to about 10% of the weight of the two 
kinds of nitrocotton being then added. The total acetone employed is stated as 
25-30% by weight of the final product. It is next mixed under high temperature 
and pressure, rolled into sheets, pressed on to a squirting press and formed. 

4 . The object of the resinous matter is to diminish or prevent erosion, which 
it does through its richness in carbon. The CO, given off, which is the principal 
erosive ohemical, is replaced, according to the pabmtee, by the less corrosive CO, 



940 NITROCELLULOSE INDUSTRY 

In 1903 Hudson Maxim described his method of powder grain forma¬ 
tion, in which, in order to obtain better ballistic results, a smokeless 
powder charge composed of grains of rod-like form is advocated, each 
provided with longitudinal and lateral perforations, so arranged 
around a core of quick-burning powder as to give the ballistics desired 
in the caliber gun used. By means of this form of charge, it is 
claimed that wave action and irregularity of combustion are obviated.* 
More recently Maxim has devised a nitrocellulose powder intended 
both as a rifle powder and for blasting purposes. In one form a non¬ 
volatile solvent of pyroxylin as trinitroanisol (trinitromethylphend) 
is used, this forming by gelatinization a non-fibrous colloid adapted 
for use as a smokeless powder without drying after granulation. In 
preparing this smokeless powder, the trinitroanisol and pyroxylin are 
commingled and thoroughly incorporated between masticating rolls, 
the latter being hollow for steam connection and maintained at a 
slightly elevated temperature to facilitate the incorporation of the 
ingredients and the gelatlnization of the pyroxylin, the rolling proc¬ 
ess being continued until an amorphous colloid results, free from all 
structure. While still warm the mass is rolled_ out into sheets of the 
desired thickness and cut into grains of suitable size and shape, which 
are then ready for use without further treatment. Sometimes a small 
amount of solvent of light boiling point is used which is a solvent of 
both, such as acetone or ethyl acetate, to facilitate the combination, 
although trinitroanisol is claimed as a powerful solvent of all. forms 
of pyroxylin. The percentages used are 50^0% trinitroanisol to 
50-60 % pyroxylin fpyronitrocellulose having the composition expressed 
by the formula C3oH38(N02)i2025]. 

Maxim-Schiipphaus Powder,® although made in several forms, 
appears chiefly as a cylindrical or square mass of homy nitrocellulose 
with a numl)er of perforations corresponding to the speed of burning 
required. The explosive is comprised of guncotton with a small 
proportion of nitroglycerol, the holes being so arranged that there shall 
be an ever-increasing burning surface capable of maintaining the uniform 
pressure desired. The value of the product, therefore, depends upon 
the capacity of the explosive to bum in layers, and the evidence given 
by partially consumed granules indicates this is completely carried 
out. The explosive burns but little on the exterior, due to protec¬ 
tion by a coating of varnish, which for the time being inhibits or 
resists ignition. Some of the perforations are triangular, the object 

1. E.P. 9480, 1903. 

2. U.S.P. 974900 1910. 

3. EngineerinK, 1897, M, 236, 636; 1898, 66, 739; Arms and Expl., 1897,6, 
11. See Hudson Maxim, Jour, Frank. Inst., 1898,146, 376, 467. 
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+)eing to prolong the period to which the progressive burning is carried 
by postponing*the time at which the holes will enlarge until they meet,- 
and so break up the pellet into shapeless grains of explosive. The 
distinguishing feature of this powder is that it bums slowly at first, 
when the projectile is moving gently through the bore of the gun, 
but its rate of combustion increases steadily as the speed of the shot 
augments, the object being to keep fairly uniform pressure behind the 
projectile the entire time it is in the barrel. This is attained, as stated, 
by means of longitudinal perforations of polygonal cross-section in 
the grain. The Maxim-Schupphaus torpedo powder, i.e,, the grain 
proposed for throwing high explosives from ordnance, is a cylinder 6 
diameters long and longitudinally pierced with 19 angular perforations. 
The latter are so arranged with respect to one another as to effect the. 
complete consumption of the powder grain simultaneously with the 
intersection of the perforations with one another.' 

Bernadou Powder is a smokeless powder patented by J. Bernadou 
in 1900,^ and consisting of a gelatinized ether-alcohol, soluble nitro¬ 
cellulose, possessing a proportionate oxygen content equal to or above 
that possessed by the ether-alcohol, soluble nitrocellulose correspond¬ 
ing to the formula C3nH38(N02)i2025. It is formed® by subjecting 
pulpeil nitrocellulose and a colloiding agent to a temperature equal 
to or ))elow 0°, mechanically agitating and kneading the cooled mixture, 
for.ming it into grains and drying. 

Explosive D is a nitrocellulose-containing explosive used by 
the U.S. Government as a bursting charge for projectiles. It was 
adopted upon the recommendation of Lt. Col. B. W. Dunn, after 
whom it was named, but its composition and characteristics con¬ 
stitute one of the secrets of the War Department. 

Bulk and Condensed Powders.* Sporting powders are of two gen¬ 
eral classes, the loose or bulk powders. In the former the nitrocellulose 
has been produced in sufficiently light and porous loose granules by 
mechanical means so that in equal volumes they possess about the 
same ballistics as bulk powder. On account of a given bulk occupying 
a larger cubical space, the explosive is rendered applicable for use in 
shot or sporting guns and for blank cartridges. The dense or con- 

1. I.e., when the perforations become so enlarged by interior combustion that 
their sides become tangent, the grain will be entirely consumed. 

2. U.S,P. 652505, 1900. 

3. to U.H.P. 652455,1900, for its method of manufacture. 

4. For “ Development of Smokeless Rifle Powders,” see F. Jones, Arms and 
Expl, 1905, 13, 88; for able and impartial article on nitrate ingredients in smoke¬ 
less powders see Ibid., 1906,14, 130; for development of smokeless powders in the 
U.S. see F. Wilcox, Enrineering (Lon.), 1898, 71, 690, 725; also J. Strauss, Proc. 
U.S. Nav. Inst., 1909, 86, 929. 
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denseil powders, on the other hand, represent the maximum of pro; 
pulsive force in the minimum of space, being tough, horn^, struc¬ 
tureless grains, gelatinized throughout, and prepared in the same 
manner as the military flake powders. Whereas bulk powders are 
intentionally given a porosity so that they will just fill a cartridge 
used in black powder arms, the condensed smokeless powders are 
designed for the more modem rifles. 

The production of condensed powders is very simple, it being only 
necessary to properly colloid the nitrocellulose with a minimum of 
solvent, and then roll the plastic into thin sheets, ribbons, or cylin¬ 
ders, which are then cut into leaves, disks, parallelepipeds or tubes 
of the desired weight and speed of ignition. Bulk powders suitable 
for shotguns arc either produced by incorporating with the nitro¬ 
cellulose an inert water-soluble material as starch or more usual • a 
metallic nitrate, these afterwards being removed by solution in water, 
thus leaving a porous grain, or the pure colloid is incorporated with 
water to increase the bulk to the point of precipitation of the nitro¬ 
cellulose, the mass being first grained and the moisture then eliminated 
by slow drying. The grams are often hardened after expulsion of the 
water or metallic nitrate, by superficially gelatinizing the granules 
by exposure to the fumes of a solvent, the process being stopped by 
immersion of the mass in water, in which the solvent is soluble, and 
from which it is subsequently recovered by distillation.* A. Cocking 
and Kynoch, Ltd.,^ propose to mix nitrocellullose paste with cold 
water when a small bulk is desired, but they state that when the 
temperature of the water is raised, and the nitrocellulose paste pre¬ 
pared with a large bulk of solvent, and granulation affected by mix¬ 
ing the warm water and high-solvent paste, a powder of greatly increased 
bulk is obtained without difficulty.® To form a sporting powder 

1. It follows that in making an explosive dense and hard, its susceptibility 
to detonative influences is lessened, owing to the increased work imposed upon the 
reaction in overcoming the force of cohesion. Similarly the dilution of an explosive 
body with one non-explosive lessens its susceptibility to explosive influence owing 
to the energy required in breaking up and dissipating the foreign body. 

2. E.P. 1,5053, 1904. 

3. The viscosity of the paste or “ solution," as it is called, is regulated to 
accord with the temperature of the water or steam, the desired bulk being dependent 
upon the speed of rtirring. The preferred method is to incorporate with a 12.5- 
13% N nitrocellulose 4-5 times its bulk of acetone, until a uniform solution is 
obtained of about the consistency of molasses; with a given quantity of this solution 
double its bulk of water at 65° is used. Just sufficient water to cover the solu¬ 
tion is first added and stirring commenced. When the mass is in violent agitation 
the balance of the water is quickly poured in. Increasing the speed of stirring tends 
to produce a lighter density in powder and the rate at which the water is added has 
much to do in determining the size and imiformity of the individual granules. 
The hotter the water the lighter density the grain with a given viscosity of solu¬ 
tion. Decreasing the viscosity tends to the production of grains of less density. 
The temperature of the water, nte of stirring and viscosity of solution are ther^ 
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33 grains of which should occupy the unit measure of 3 drams of black 
powder they * granulate the wet nitrocellulose grains, which are then 
dried and then rotated in a drum. During revolving the grains are 
wetted with a weak and incomplete solvent, such as a mixture of alcohol 
and benzene. When about 120 lb. liquid is added to 100 lb. nitrocel¬ 
lulose grains, five minutes’ treatment produces the required density. 
The mass is then poured into about 250 lb. water at 85° and agitated, 
the large bulk of water immediately checking the gelatinization with¬ 
out contraction of the granules. The mass is then centrifuged to 
about 25% moisture. About 2.5 k. potassium nitrate is then either 
sprayed on the wet powder grains or incoiporated with the nitro¬ 
cellulose before granulation to obtain solid residue after combustion 
as a lubricant for the rifling. A Luck and C. Nichols,^ propose sodium 
nitrate, while G. Wadsworth ® has patented barium nitrate for the 
same purpose, while aluminum in fine powder with or without the 
addition of a small quantity of oil or vaseline has been advocated to 
coat the grains in order to retard the rate of explosion.^ Both the 
condensed and bulk powders are usually dried very quickly, to expel 
solvent, the latter often by means of steam or by being plunged into 
boiling water. In either case the solvent is usually recovered by 
distillation.® 

If the nitrogen content in nitrocellulose rises above 13%, the ester 
formed is Insoluble in ether-alcohol, and requires a solvent Buch"*a8 

fore adjusted to produce the required bulk of the grain. After precipitating, the 
liquid is poured off and the powder dried and sifted. 

1. A. Cocking & Kynoch, Ltd., E.P. 21779, 1905. See also their E.P. 12892, 
1895, for improvements in the regularity in burning of smokeless powders by form¬ 
ing into a modified strip or ribbon form, with ribs to prevent contact of the flat 
surfaces. 

2. E.P. 24136, 1898. C. Dawson-Smith (E.P. 25939, 1905) describes a process 
for preparing nitrocellulose, high expkwives of regulated form and relative weight 
by the use of gelatinizing solvents which are subsequently removed from the mass, 
by treatment with hydrocarbon solvents such as benzene, toluene, and paraffin. 
Nitrocellulose (150 pl^) is gelatinized by means of amyl acetate (160 parts), 
and the paste formed into the requireri shape. The amyl acetate is then removed 
by treatment in closed vessels with benzene or alcohol, or a mixture of those liquids, 
and the explosive, on drying, is obtained in the finished state. 

3. U.S.P. 899577, 1908. G. Robrecht (F.P. 364973, 1906) manufactures a 
smokeless cannon powder by immersing vegetable fiber for a period of twelve hours 
in a mixture of three volumes of sulphuric acid and one volume of nitric acid, at a 
temperature of 25°. It is then removed, and allowed to stand for a further period 
of two hours. The nitrocellulose is then, after washing in water, dissolved in 
acetone or sulphuric acid, reprecipitated by the addition of water, and formed into 
powder in the ordinary manner. 

4. King’s Norton Metal Co., E.P. 28053, 1906. 

5. For machine for cutting Mwder strips, see J. Thompson, U.S.P. 827674, 
1906; F.P. 367945, 1906; alsoF. J. du Pont, U.8.P. 790918, 1905. For machine 
for cutting bands of powder, see E. I. du Pont de Nemours Co., F.P, 367945, 1906. 
For construction of buildings for the manufacture and storage of explosives, see O. 
Guttmann, E.P. 4094,1909; Z. ges. Schiess-Sprengstoffw., 1910, 5, 33, 265; J.S.C.I., 
1910, 28 , 930; also C. E. Bichel, Z. ges. Schiess-Sprengstoffw., 1910, 6,182. 
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acetone for solution, although -the acetone colloid produced lacks that 
toughness, viscosity and hardness obtained by solution in a suitable 
solvent and which is necessary to secure a proper and effective powder. 
However, increase of nitrogen—and oxygen also, since for each atom 
of nitrogen introduced two atoms of oxygen are incoi-poratcd—gives 
increased eruptive force and hence greater penetration and a flatter 
trajectory. In order, therefore, to produce a powder of the desirable 
physical characteristics of the lower nitrogen-<!ontaining nitrocellu¬ 
lose where ether-alcohol can be used as the colloiding agent, with the 
force contained in a high nitrogen-containing guncotton, H. W. Wiley ' 
proposes to dissolve the guncotton in acetone to a stiff colloid, like¬ 
wise the collodion cotton in ether-alcohol. Then by combining these 
gelatinous colloids in various proiiortions, all ranges of nitrogen con¬ 
tent from 13.75% N downwards may be obtained, of proper physical 
strength, useful powders for various classes of work resulting. 

Sporting Powder. According to Professor Charles E. Munroc;^ 

“ I’he progress in smokeless sporting powder has been characterized 
by the adoption of a small-grained nitrocellulose powder which is gelat¬ 
inized and then hardened throughout, in place of the grain that has 
heretofore been pretty generally in use, which was superficially gelati¬ 
nized and hardened. The manufacture of such powder is carried on 
in a stationary vertical vessel of copper, which has cone-shaped ends. 
Around the lower end is a steam jacket, by which the contents' of the 
vessel may be heated. A rotatable shaft extends downward through 
a stuffing box in the top of the vessel or still, to a point near its bottom, 
and carries six arms extending across it, each arm being attached 
at its central point to the shaft and at points on the shaft about S 
in. apart, and the ends of the arms reach nearly to the wall of the still. 
Five of the bars are square in cross-section and about 1 in. thick; 
the sixth bar, which is the upper one, is flatten(;d out so as to form 
paddles, which slant in the direction of motion of the shaft in such a 
way as to smooth down the surface of the liquid that is placed in the 
stHl. 

“ An orifice at the bottom of the still having been first closed, 
the vertical shaft carrying its horizontal stirrers is set in rotation and 
continued in rotation during the whole of the process at a speed suf¬ 
ficient to maintain the particles of guncotton in mechanical suspension 
in the water, when the guncotton and water are introduced into the 
still as hereinafter described. 

“ Water in which 5% of barium nitrate and 2% of saltpeter have 

1. E.P. 13457, 1903; U.S.P. 781926, 1905; abst. J.S.O.I., 1903, 22, 963. 

2. .U.S. Census Bull., 92, 1908, p. 84. 
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been dissolved is then pumped into the still, through a pipe provided 
for this purpose, until the still has been partly filled. Finely pulped 
wet guncotton is then thrown into the still through an opening m the 
side of its upper part, this guncotton not having been as yet subjected 
to the action of any solvent. More water in which barium nitrate 
and saltpeter have been dissolved is then pumped into the still until 
the surface of the liquid in the still is about on a level with the upper 
stirrer-blades on the vertical shaft. The opening through which the 
guncotton was inserted is now closed, and a previously formed emul¬ 
sion of from 25 to 50% of amyl acetate in water containing barium 
nitrate and saltpeter in solution is pumped into the still. 

“ The material now begins to granulate and the progress of the 
granulation is observed by withdrawing a little of the mixture through 
a small orifice near the bottom of the still. When granulation has 
l)een effected throughout the mass, which is within about five minutes 
after the introduction of the emulsion into the still was begun, steam 
is turned into the jacket surrounding the lower portion of the still. 
The heating due to the steam is continued for a period of five or six 
hours, and during this time thp amyl acetate is distilled and passes 
over, with tlie vapors from the heated water, into a reservoir, where 
the water is separated from it. 

“ After the amyl acetate is thus removed a gate valve in the bottom 
of the still is opened and the mixture of water and granulated powder 
is drawn off into a draining tank. After draining it is dried, sized, 
blended, and packed. The strength and the amount of the emulsion 
used depend upon the amount and quality of the guncotton; the best 
proportions are ascertained by experience. The length of time the 
heating is maintained depends upon the amount of amyl acetate 
used and the temperature of the steam in the steam jacket. 

“ The still may measure about 6 ft. 3 in. from its bottom tc 
the upper stirrer-blades and about 5 ft. in diameter in its cylindrical 
portion. In such a vessel the usual charge of guncotton is 450 lb. 
to which is added the dust or very small grains from previous granula¬ 
tions, making a total charge of upward of 700 lb. The finished powdei 
is colored to suit the taste of consumers.” 

Guncotton Dynamite. About 1868 both F. Abel and Trauz 
suggested combining nitroglycerol with guncotton in the formatior 
of new explosives. Abel’s glyoxiline * consisting of guncotton anc 
potassium nitrate impregnj,ted with nitroglycerol, while Trauzl com 
bined guncotton 25, nitroglycerol 72-73 and charcoal 2-3 parts. Th( 
product was immersed in water for several days after formation, whereb;, 
1. E.P. 3662, 1867. 
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it absorbed 12-15% of water, but still could be exploded by detona¬ 
tion. It is stated that both these products had continued use until 
the appearance of gelatin-dynamites, which gradually supplanted 
them. The dualine of Schultze, which made its appearance in'1868, 
and consisted of wood nitrocellulose dissolved in nitroglycerol, appar¬ 
ently was but little used. 

Blasting Gelatin and Gelatin Dynamite,, also spoken of as 
gelignite, utilize those forms of cellulose nitrate which dissolve in 
ethyl and amyl acetates and ether-alcohol and known as soluble 
cotton or collodion cotton, with a nitrogen (content of from 11.5- 
12%. This is the same variety of pyroxylin used in lac(|ucr.s, imita¬ 
tion leather, w'atcrproofing solutions and the formation of artificial 
filaments. Wasting gelatin, which is a mixture of cellulose nitrate and 
nitroglycerol only, is made to-day in practically the same manner as 
that used by A. Noble, who patented in 1875 the original process, 
consisting in dissolving collodion cotton in warm nitroglycerol, the 
mass upon cooling forming a gelatinous, rub))er-like jiroduct of con¬ 
siderable stability and great explosive force. Blasting gelatin is an 
opalescent glutinous-like substance, of sji.gr., 1.5-l.G, and generally 
consists of nitroglycerol 92-93%, the balance being pyroxylin.'. 
The pyi'oxylin most suitable for gelatin manufacture consists entirely 
of those nitrates soluble in ether-alcohol, the higher nitrates refusing 
to dissolve in the warm nitroglycerol, forming insohible and partially 
converted nodules which interfere with the stability tests and the 
uniformity of action. It is therefore essential that gelatins should 
be practically free from g\incotton and unnitrated filjcrs, the latter 
being at least not over 0.5%,. The pyroxylin should be finely 
pulped as for smokeless powder manufacture, the use of a filter screen 
in the poaching and pulping processes being advisable in order to 
insm'e freedom from extraneous matter and unj)ulpcd fibers.^ The 
pyroxylin used should be dry, for nioistuie not only is antagonistic 
to nitroglycerol and causes difficulty in union of the pyroxylin with 


1. The normal composition of Austrian hlastinK getatin is staled as nitroglycerol 
93%, nitrocotton 7%. The Swiss product contains 91%, nitroglycerol, 9% nitro- 
cotton, to which is added 1% dried sodium carbonate. In (ireat Britain tlie pro¬ 
portions usually employed are 90-91%, to 9-10% soluble guncotton. The explosive 
of Carl Lamm caUecl NUrdUe contains nitrocotton 1-fi, nitroglycerol 94-99, and 
the nitrates of ammonium, sodium or potassium, 50. Diaupnn-gelntin (F.P. 141345, 
1881) was nitroglycerol 92-95%. collcidion 4.5-7%, alcohol 0.5-1.5%. For nitro- 
lactose or nitrolactine see M. Sjoberg (F.P. 192683, 1888) and nitrodextrin see 
Defraiteur (F.P. 282135, 282136, 1899). 

2. Passing the pulped nitrocotton through a suction screen, as the “ Open Side 
‘Packer’ Suction Screen,” of I,he Sandy Hill Iron Works, Hudson Falls, N. Y., 
tends to separate the imperfectly pulped fibers, and pr<xluce a homogeneous prod¬ 
uct See C. ClacBsen, E.P. 16725, 1906; U.S.P. 909546,1909; F.P. 410239, 
1909. J. Rudel^ and A. and W. Allcndorff, D.R.P. 201306, 1906. 



GUNCOTTON SMOKELBBS POWDERS 


947 


it, but the gelatin prepared from moist pyroxylin is prone to exude 
upon storage and transportation and hence become valueless.* In the 
manufacture of blasting gelatins, the pyroxylin, with moisture content 
preferably below 0.5%, is mixed in a trough by hand or bj' especially 
designed mixing machines ^ with nitroglycerol at about 50° At 

1. It is not customary to eliminate water from nitroootton intended for blast¬ 

ing gelatin by solvent displacement, but by drying, as ejrolained in Chapter III. 
After drying, the nitrocotton, even if pulpe<l, is often sifted through a tO-mesh 
sieve, in order to avoid the possibility of forming granulations in the finished 
gelatin. All gelatin dynamites, blasting gelatins and gelignites are manufactured 
in practically the same way, and all from tliat nitrocotton with highest nitrogen 
percentage, which will still completely dissolve in ether-alcohol. Although the 
nitroglycerol and nitrocotton may satisfactorily stand the stability tests separately 
upon mixing, the gelatin may not do so. A. F. Hargreaves and Curtis & Harvey, 
Ltd., use potassium chlorate (E.P. 4028, 1904) or sodium chlorate (E.P. 6350, 
1904) 78%, with dinitrotoluene 22%, and add to 75 parts of this mixture 25 parts 

blasting gelatin (nitroglycerol 90%, pyroxylin 10%). C. Bichel (F.P. 325507, 

1902) replaces the collodion by glue-gelatin. See F.P. 349992, 1904. 

2. Of the many machines devised for mixing gelatins, the following two of late 

pattern are typical. The H. Auchu cartridge machine (Hprengs. Waffen u. Muni¬ 
tion, 1!)10, 6, No. 8; U.S.P. 833058, 1906) avoids the danger of explosions brought 
about by the presence of nails or other hard foreign matter in the gelatin, or the 
packing of the material. In the machine dcscrilwd by him these difficulties are 
avoided by means of a system of friction wheels, such that any resistance to 
the free passage of the gelatin dsmamite brings about the stopping of tlie machine, 
without exerting increased pressure upon the material. On the shaft of the 

machine a conical friction wheel is arranred, and made fast by means of a 

wedge. A second conical friction wheel fitting over the first and lined with 
vulcanized filler, fastened by means of sunken copper rivets, serves to commtini- 
cate the motion of the driving gear to the cartridge-forming device. A hand lever 
enables the amount of friction between the two friction wheels to fie adjusted, and 
upon the nmcliine encountering any resistance in excess of the amount for which 
the wheels are arranged, the operation of the machine is automatically stopped. 
As a further precaution against explosion, the machine is provider! with a cooling 
device, by wliich the packing worm is cooled by water passing through tulies 
contained within it. 

In the gelatin mixing machine of G. .Tones (U.S.P. 882114, 1908) the arrange¬ 
ment of the mixem and driving means are so that particles of explosive cannot 
readily gain access to the movable parts of the driving and lifting means. He 
raises the mixers liy foree of gravity controlled by air pressure, and lowers them 
into the mixing bowl by the same means. The H. Talley mixing machine (U.S.P. 
940216, 1909) raises and lowers the bowl hydraulically, the hydraulic pressure 
sustaining the machine in any position it may assume. 

3. Although but little progress has been made in the fundamental methods of 
explosive gelatin manufacture, considerable work lias l^n done in the prevention 
of freezing of the compounds, in which state their sensitiveness to shock is greatly 
increased. As far back as 1866 (Swed. P., Apr. 30, 1866) A. Rodberg Mtented 
nitrobenzene as an addition to nitroglycerol, which was re-patented in England 
iiy F. Noble (E.P. 5330, 1886). The Soci4t5 des Poudres et Dynamites, Aren- 
donck, followed with dinitrotoluene (E.P. 14827, 1903). A. Mikolajezak (E.P. 
8041, 1904; U.S.P. 798436, 1905 ; 910936, 1909 ; 948790, 1910) with dinitrogly- 
cerol, while the Westfalisch-Anlialische Sprengstoffe A-G., Berlin (E.P. 4057, 17891, 
lilOO), patented dinitromonochlorhydrin and nitrodichlorhydrin. This firm also 
discovered that by polymerizing glycerol with cone, sulphuric acid, diglycerol is 
formed, and by nitrating a mixture of this and glycerol, some dinitro- and tetranitro- 
diglycerol is obtained (Bl.P. 4057, 1906) which prevents freezing. The Deutsche 
Snrengstoff-Ges. advocate monochlordinitroglycerol (E.P. 6314, 1906); Escales 
(E.P. 21117, 1907) a complex product obtained by nitrating a mixture of chlorhy- 
drins and diglycerols, and the Soc. Anon. d'Explosifs et de Produits Chim. (F.P. 
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temperatures much below this, gelatinization occurs very slowly 
and imperfectly, and liability of the finished product to exude under 
severe climatic conditions increased. 

Blasting gelatin is less sensitive to shock than dynamite. Austria, 
in endeavoring to produce a military explosive practically insensi¬ 
tive to mechanical effects as rifle shots, were led to introduce cam¬ 
phor, and thus form a plastic compound. Their product, which was 
called “ War Blasting Gelatin,” was composed of 4% camphor, 9.0% 
soluble guncotton and the balance nitroglycerol. The Italian formula 
adopted was camphor 5 parts, pyroxylin S parts and nitroglycerol 92 . 
parts. In Austria the use of this gelatin has been discontinued, one 
reason being the difficulty of detonating the combination. A special 
primer of 40 % pyroxylin and 60 % nitroglycerol was used, and even 
this heavy primer is said to have often missed fire. In Italy pyroxylin 
primers were used. As blasting gelatin, on account of its power of 
demolition is used only for extraordinarily heavy work, a less violent 
combination of blasting gelatin in combination with an absorbent 
or comparatively inert body is more often used at the present time, 
and such combinations are known as gelatin dynamite and gelignites. 
A number of absorbing and inhibiting materials have been proposed 
from time to time, but for practical purposes wood pulp, either with 
or without potassium or sodium nitrates, is preferred. Rye flour, 
burnt ocher, kieaelguhr and similar materials are now used but little, 
if at all. 

Among the principal gelatin dynamites and blasting gelatins may 
be mentioned the following: Gelignite is a blasting gelatin-nitrate- 
wood pulp of approximately nitroglycerol 62.5%, pyroxylin 2.5%, 
wood pulp 8.5%, sodium nitrate (dried) 26.2%, and sodium carbonate 
(dried) 0.3%. If a weaker action is desired, the filler or absorbent 
is increased and the pyroxylin and nitroglycerol decreased correspond¬ 
ingly. The following table, from Arms and Explosives, 1898, 6, 173, 
shows the composition of other gelignites, the parts being by weight: 


Name of GeUffiiitc. 

Nitroglyeerol 

Pyroxylin. 

1 

Wood pulp. 

PotaA^ium 

nitrate. 

- 

. Chalk: 

Sun. 

57-59% 

3-3% 

8-10% 

25-35% 

— 

Nnlmsen’s. 

54-63 

3-5 

leHS than 0 1 

26-;i4 

0.5 

National. 

56-64 

4-6 

5-9 

24-32 

0.5 

British. 

58-62 

3-5 

6-9 

26-31 

— 

Kynoch. 

54-63 

3-5 

6-10 

26-34 



394492, 1907) nitromethane mixed in proportion of about 10%. J. Luciani (F.P. 
326037, 1902, and First Addition dated Dec. 22, 1902,) adds a nitrocotton of 
high nitrogen per cent, and insoluble in nitroglycerol to prevent freesing, but does 
not state how he obtains a uniform and homogeneous mixture. These various 
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Of Bimilar composition are the following: Cdtite, containing nitro- 
glycerol 56-59, nitrocotton 2-3.5, potassium nitrate 17-21, wood 
pulp 8-9, ammom'um, oxalate 11-13, and moisture not to exceed 1.5; 
Geloxite, nitroglycerol 54-64, nitrocotton 4-5, potassium nitrate 13- 
22, ammonium oxalate 12-15, red ocher l; wood pulp 4-7; Phoenix 
Powder, nitroglycerol, 28-31, nitrocotton 1, potassium nitrate 30-34, 
moisture 2-6; Slowite, nitroglycerol 58-61, nitrocotton 4.5-5, potas¬ 
sium nitrate 18-20, ammonium oxalate 11-15, wood pulp (moisture 
between 5-15%) 6-7; (all the above parts by weight); Forcite, pro¬ 
duced at Lake Hopatcong, N. J., consists of blasting gelatin (nitro- 
glyccrol 98, collodion cotton 2) 50 parts, absorbent (sodium nitrate 
76, sulphur 3, wood tar 20, wood pulp 1) 50 parts. Swalile is a safety 
gelignite for shaft sinking and hard stone work, manufactured by the 
Cotton Powder Co., London. Samsonite is said to consist of nitro¬ 
glycerol 57-60%, nitrocotton 3-4%, potassium nitrate 17-19%, wood 
meal (dried at 100°) 5-7%, moisture 0-1.5%, and ammonium oxalate 
12.5-^14.5%; Fcirdit 1C, nitroglycerol 24.5, collodion cotton 1, nitro- 
toluene 34, flour 2, dextrin 2, glycerol 5.5, ammonium nitrate 32, 
and potassium cldoridc 30 parts; Coronile, nitroglycerol 38-40, 
nitrocotton 1-1.5, ammonium nitrate 26-28, potassium nitrate 3-5, 
aluminum stearate 11-14, rye flour 8-11, wood meal 2-4, liquid paraffin 
2-4, and moisture not over 2.5 parts. The Grisoutine safety explosives 
have the composition represented in tlie following table.* 



0 — 

old type 

GG— 
npw type. 

B— 

old type. 

BG— 
new type. 


l*cr cent. 

29,10 

0.90 

70.00 

Per cent. 

20 10 

0.90 

07. (K) 

3.00 

Per cent. 

11.76 

0.24 

88.00 

Per cent, 

11.76 

0.24 

85.00 

3.00 

Nitrocellulose. 

Ammonium nitrate. 

Kiesciguhr. 


The E. I. du Pont de Nemours Company of Wilmington, Del., place 
upon the market a line of gelatin dynamites of various strengths and 
known as Hercules Gelatin, licpauno Gelatin and Forcite. The Potts 
Powder Company, Reynolds, Pa., prepare Rendite, especially adapted 
for underground blasting, its desirable qualities being density and 
freedom from fumes. The Independent Powder Company of Joplin, 
Mo., place upon the market a series of blasting gelatins, and gelatin 
dynamites under the general name “ Independent.” They were 

products are readily miscible with the nitroglycerol, especially upon heating the 
latter to the temperature required to gelatinize with the pyroxylin. For combina¬ 
tions of nitrocellulose, and tetranitrodiglycerol see F. Sparre, U.8.P. 852143, 1907. 

1. 0autriche, Z. ges. Schiess-u. Sprengstoffw., 1908, 8, 251. 
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first manufactured June 1, 1910, at Powder Spur, Mo. That form of 
cellulose nitrate known in the trade^as “ soluble nitrOcotton for gelatin 
manufacture,” is used, the nitrogen content varying between 11.75-12 
Carbohydrates are recommended in gelatin dynamite explosives, as 
in the following patented-composition.^ Nitroglycerol 32%, pyroxylin 
0.7%, dextrin 15.5%, vegetable oil 1%, ammonium nitrate, 35.8%, 
ammonium oxa’ate 3%, wood meal 2%, sodium chloride 2%, and alum 
5%. A number of constituents in the above representative formula 
as the carbonates and oxalates have been introduced to lessen the 
volume of smoke produced, which is of considerable moment, especially, 
ill underground work. Although gelatin dynamite is especially 
suited for work in places where there is a limited supply of air, as 
in ore mining, tunnel blasting and all wet work, it must not be inferred 
that the blasting gelatins are smokeless. There is usually, however, 
absence of any considerable quantity of objectionable fumes. On 
account of a greater density as compared with kieselguhr dynaihite, 
gelatin dynamite is more readily loaded in water, which after a time 
turns the exterior slightly milky, but otherwise does not affect it. It 
is .also more valuable in tunneling and shaft .sinking, where a larger 
quantity, of the explosive may bq concentrated in the space at the 
bottom of the bore holes. It is also less sensitive than blasting 
gelatin, for-which detonators of full strength should be used. Gelatin 
dynamite is not as rapid as ordinary dynamite, and is not as well adapted 
for “ mud-capping.” The force of these compounds is in direct pro¬ 
portion to the nitroglycerol and pyroxylin contained therein, espe¬ 
cially the former. T^he usual strength is “ 40% strength gelatin 
dynamite,” which indicates a grade equal in explosive force to 40% 
nitroglycerol dynamite, but does not mean that there is 40% nitro¬ 
glycerol in the explosive. 

Mitrated Guncotton is a term which has been applied to com¬ 
binations of nitrocellulose with alkali and alkaline earth nitrates, 
principally those of potassium, ammonium and barium. The nitrates 
supply sufficient oxygen so that the combustion of the carbon, goes 
entirely into the dioxide and without the formation of the more 
poisonous monoxide (CO). Often a small amount of metallic alumi¬ 
num is added to the mixtures to increase their explosive energy.® 
T. Reishoff ® soaks the guncotton in a saturated aqueous solution of a 
mixture of nitrates of potassium 4, ammonium 40, barium 1.7, sodium 
17, strontium 12.3 and water 25 (all parts by weight). Damp gun- 

1. Soc. Dynamit Akt-Gea. vorm. Alfred Nobel et Cie, F.P. 333443, 1903. 

2. See E. Steele, U.S.P. 799687, 1905; E.P. 11000,1904 ; 4114, 1906. 

3. E.P. 10927, 1906. See also H. Weasel, E.P. 2286, 1907. 
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cottoii .40 parts (containing about 15% water) is soaked in 60 parts 
of the above solution. Ijclunann* does the converse, i.e. soaks the 
finely powdered metallic idtrate with nitrocellulose in a volatile sol¬ 
vent, recovers the solvent and presses the mass into forms. 

Kynoch’s Smokelens is said to contain nitrocotton 52.1, barium 
nitrate 22.2, potas.sium nitrate 1.4, dinitrotoluene 19.5, wood pulp 2.7, 
ash 0.9 and volatile matter 1.2 (parts by weight). 

Du Pont Powders. Under this general name are comprised the 
various smokeless and other powders produced in the United States, 
at the several factories of the E. I. du Pont dc Nemours Powder Com¬ 
pany, of Wilinington, Dcl.^ They comprise the entire range of bulk 
and condensed rifle and shotgun powders, this firm having first com¬ 
menced the manufacture of powder in the United States in 1S02, and 
continually since. The nitrocellulose-containing powders, which 
nearly all are smokeless, fall naturally into two groups,. (a) smokeless 
shotgun j)owdors, and (b) smokeless powders for rifles and pistols. ' 
Smokeless shotgun powders should under i>o circum.stances be used 
in rifles, or conversely. The Du Pont smokeless rifle and revolver 
nitrocellulose powders niay be conveniently arranged in the following 
four groups. 

J. For high jmwer rifles, full service load—“ Du Pont 1909 Mil¬ 
itary,” “'W.A. .30-cal.” and “ Lightning,” all.of which are dense pow¬ 
ders, in which the maximum of propulsive power is represented by the 
minimuni of weight. Great care should be exercised in their use in 
'loading, since a small error in weight introduces a correspondingly 
greater error in result, on account of the comparatively small loads 
recpiired. 

2. For bhuik-powder rifles that h.ave been adapted for the use 
of smokeless powder, “ Sharpshooter ” and “ Unique,” which are 
dense powders, and “ Marksman,” “ Du Pont Rifle Smokeless No. 1,” 
and “ Schuetscji Smokeless,” which are bulk powders. 

1. F.P. 301)381, 1908. flee E.P. 3937, 1909. For process for preventing spon¬ 
taneous explosion of nitrated explosives, see J. Bouchaud-Praceiq, F.P. '387012, 
1907; E.P. 101‘29. 1908; D.R.P. 211866, 1908; abst. J.S.C.I., 1908, 27, 877. ti. van 
Pittius (VI Internal. Cong. Appl. Chein. Home, 2, 553; Z. ang. Chem., 1906, 1!), 
848) in examining the resiilue from smokeless powder and its effect on tlie forma¬ 
tion of rust in guns, found tlmt none of' the substances contained ui the residue 
from cither nitroglycerol powder or nitrocellulose powder is in itself injurious to 
tile gun; hut they may become so in presence of moisture. The gun should, there¬ 
fore, be washed out as soon as possible after use, and where that is not possible, 
a greasy cleaning-rod should be put through it to keep moisture from the hygro¬ 
scopic residue. 

2. F. Sparre has assigned to this company (U.S.P. 812958,1906; 8.50267, 850268, 
850325, 1907) various methods for pro<lucing ammonium nitrate metallic explosives 
with upgelatinized nitrocellulose. See also C. (llae.ssen, U.S.P. 979431, 1910; E.P. 
11365, 1910; abst. J.S.C.I., 1910, 29, 1084; E. du Pont, U.S.P. 976211, 1910. 
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3. Powders for mid-range loads, typified by tlie dense powderej 
Lightning ” and “ Sharpshooter.” 

4. Short-range loads, being “ Unique ” dense powder, and ila Mlk' 
powder “ Marksman.” 

It should be remembered that bulk smokeless rifle powders like 
Marksman, Du Pont No. 1, and Schuetzen Smokeless, on aceount of 
their porosity and easy-loading qualities, are accompanied by a certain 
sensitiveness to moisture, as the result of which best results are always 
obtained with freshly loaded ammunition. Bulk smokeless powders, 
therefore, should always be kept in a dry atmosphere. On the other 
hand, dense smokeless powders such as Du Pont 1909 Military, W. A., 
.30-cal. Military, Lightning, Sharpshooter, Ifniciue and Bullsej'e, are 
not so affected by moisture, and cartridges loaded with these powders 
keep indefinitely without serious deterioration in their shooting 
qualities. 

Of the shotgun powders of Du Pont manufacture may bo men¬ 
tioned Infallible and Ballistite, the former being elaime<l a.s the principal 
dense smokeless powder made in the United Stales at the present time, 
and Du Pont Smokeless', Hazard Smokeless, New Sehultze, New iC. (I 
Improved, and Empire, all bulk smokeless powileis. The principal 
characteristics of these powders ni-e appended below. 

Du Pont 1909 Military is a graphited smokeless i)o>V(lei' di'veloped' 
for the U. S. Government Model liXlfi ammunition. It is a straight 
nitrocellulose powder, containing a small amount of graphite for 
facility of loading, a trace of stabilizer, the nitrocellulose being prac¬ 
tically soluble in cther-alcohol and containing alioiit 12.(U’,' N. It is 
a tubular powder, apparently the same a.s that previou.-^ly descrilK-d, 
burning with but little residue and with a low temperature, reducing 
the metallic fouling by nearly 75% as compared with the older jrowders. 
The loads recommended for a 150-grain bullet is 47 grains, Iry weight, 
and for a 180-grain bullet, 45 grains by weight. It is manufactured 
at Ganiey’s Point and Haskell’s, both New Jersey, and at pre.sent is 
used by the U.S. Government as a service ammunition. 

W. A. .30-cal. is a dense smokeless powder for use in high power 
rifles, with full charge only. It Ls made by the E. I. du Pont de 
Nemours Co., at Haskell, N. J., is tubular in form, light gray in color, 
and adapted primarily for use in the .30-40 cartridges for the U. S. 
Magazine rifle 1898 model, .30-40 Winchester, and Remington, and 
also the .30-35 U. S. Magazine rifle, model 1903. Although it may 
be used in a few other cartridges, it is generally known as the “ .30-cal. 
powder.” On account of its slow-burning qualities, it is not suited 
for use in reduced charges or for shotguns. Full metal-cased bullets 
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ire advised for use with this powder. W. A. .30-cal. is said to’be a 
nitrocelliilose-nitroglycerol powder, containing in some forms metallic 
nitrates iind an organic deterrent. The details of its manufacture are 
said to lie quite similar to that.of Cordite M. D., the powder being 
formed into threads, tubes or disks, depending on th,e ballistics it is 
desired 1 o impart and the caliber of the gun in which it is intended 
to be used. This powder was formerly used by the U. S. Government 
and until the adoption of a straight nitrocellulose powder similar to 
the Du Pont 1909 Military. 

.30-cal. U. S. Army Rifle Powder, as manufactured by the E. I. 
du Pont de Nemours and other companies is similar in appearance 
to that described on page 916, as made by the U. S. Army Factory 
at Picatinny. The circular grains are about 2 min. long, 0.5 min. 
diameter and with a single, central, longitudinal perforation. A 
machine similar to that shown in Fig. 294, is suitable for their manu¬ 
facture. 

Bullseye, a dense, smokeless powder for revolvers and automatic 
pistols only, is manufactured at Haskell, N. J. On account of very fine 
granulation, it is extremely quick burning, and hence requires unusual 
care in loading in order to obtain dependable results, for the load is 
so small in bulk that small errors in volume produce a large ratio 
of error. Such powders would be unsuitable for use in a rifle or shot¬ 
gun, being too quick burning. This powder may be used with lead, 
alloy, or metal-cased bullets. 

Lightning, a dense, smokeless pow'der for high-power rifles, made 
by the Du Pont Powder Company, at Ha,skcll, N. J., is tubular in form, 
and of the same general appearance as “ W. A. .30-eal.” except that 
it is of finer grain, and hence burns more quickly. It is adapted for 
use in certain high power rifles in which “ W. A. .30-cal.” i.s unsuitable, 
being e.specially effective in the .30-30, 7 mm., .303 and cartridges 
of a similar type. The .303 Savage requires a 26-grain load and the 
.303 Dritisli a 28-grain load for greatest effectiveness, full metal- 
cased bullets being used in all instances. In certain carti'idges it works 
satisfactorily as a mid-range load, in which a lead bullet r\ ith a copper 
cap on the base may be employed. The .30-40, and .30-45 U. S. 
(lovernment cartridges require a 23-grain load by weight. Lightning 
is not only quicker burning than W. A. .30-cal., but better adapted 
to bullets with shorter bearing surface, full metal-cased bullets being 
necessary with full loads to avoid stripping. 

Sharpshooter and Unique are both dense smokeless powders, 
intended for black-powder rifles adapted for use with smokeless pow¬ 
ders. Sharpshooter has quicker burning properties than either W. A. 
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.30-cal. or Lightning, and is especially designed to be substituted for 
black powder in black-powder cartridges over .32-cal. Sharpshooter 
is tubular in form and rather finely cut for a tubular powder. Unique 
differs from Sharpshooter only in being cut finer, and in the form 
of disks, which give increased speed of burning, and is applicable 
for black-powder cartridges of less than .32-cal., especially where the 
bullet has a short bearing surface. The powder, on account of its 
very quick burning qualities, must be used in sniall charges only. 
Sharpshooter works to best advantage in a straight shell-cartridge with 
large powder space, and a Imllet with fairly long bearing surface. 
When used in high velocity cartridges, the cartridge should always 
have a sti'night shell. I'lither alloy, half-mantled or bulh^ts with copper 
cup on base can be used. The quick speed of burning results from 
the composition and form of the gi’ain. 

Marksman is a gray, gi'anular, bulk, smokeless, rifle powder, 
first made in the U. S. at Oakland, N. J., and at present produced at 
darney's Point, N. J. It gives better results in bottle neck than in 
straight shells, on account of the resistance required to obtain uitiforin 
burning, alloy or lead bullets being recommended. It is used pri¬ 
marily in black-powder rifles adapted for use'with smokeless powders, 
and in I'educed loads in higli-power rifles with lead bullets. 

Dll Pont No. 1 Rifle Smokeless is a bulk powder, of slightly 
larger granulation than “Marksman," and intended to bo substituted 
for bhudi powder where it is desired to load “ bulk for bulk,” one grain 
by weight of this powder being approximately equal to two grains 
by measure of a standard black rifle powder. It appears as light 
gray granules, and is manufactured at Carney’s Point, N. ,1. 

Schiietzen Rifle is a smokeless bulk powder, for black-powder 
rifles adapted for use with smokeless powders, and has the same or a 
somewhat greater initial velocity than black powder, at the same 
time generating less pressure. It is made at Carney’s Point, N. J. 
I'he gases produced upon firing being alkaline, and the residue left 
in the barrel slight, there is but little pitting of the, rifling. This powder 
is designed to be used in .Schuetzen rifles with the same method of 
loading as black powder, and being of medium granulation, is intended 
esperfally for those that load their shells at the firing point. Bullets 
containing 4 parts tin to 100 parts of lead should be used.' This powder, 

1. When using lead bullets with smokeless powder, or lead and tin bullets 
without metal jackets, it is of importance that the bullets be of sufficient diameter 
to fit to the bottom of the rifling, For this reason powders of the Schuetzen Smoke¬ 
less type are not adapted for those barrels in which the bullet is loaded from the 
muzzle; but muzzle-loading barrels niay Ijc converted into breech loaders with 
satisfactory results by merely using a tight-fitting bullet. If the bullet pushes in 
too Irani, the barrel may be throated to receive it. 



GUNCOTTON SMOKELESB POWDERS 


955 


which appears in orange-colored granu’es, is sensitive to moisture, and 
any lack of velocity shown may be restored by spreading the powder 
out In a thin layer in a warm, dry place. 

Infallible Smokeless, made at Haskell, N. J., is a dense shotgun 
powder which must not be used in rifles or revolvers. It consists of 
fine, dark gray disks, about 1 mm. diameter and 0.1 mm. thick, 21 
grains of which arc equivalent in strength to 3 drams black powder, 
or “ bulk ” smokeless powder. On account of its composition, Infallible 
Smokeless is unaffected by amotspheric extremes, shoots with high 
velocity, will not properly ignite wdth black powder primers on account 
of their insufficient flame, and is claimed to give a better and more 
even pattern than other dense shotgun powders. Being composed 
of such smooth and small disks, the powder flows readily and smoothly 
through an amimmition loading machine, thus insuring accurate load¬ 
ing and conso<iuent uniformity and regularity of results. The 24- 
grain and 25-grain loads are recommended for field or traj) shooting. 

Ballistite Smokeless Shotgun Powder, as prepared by the du 
Pont Go., at Haskell, N. J., belongs to the class of concentrated or 
dense ])owders and appears in the form of small square tablets or 
flakes, having a consistency similar to celluloid. The finished irowder 
is treated with graphite, which gives the surface of the grain a semi- 
niptallic uppoarance. Owing to the colloidal nature of ballistite, it is 
practically unaffected by moisture or age. Whereas one avoirdupois 
pound of black powder will load S5 “ tlirec-dram loads,” 45 "i*- f’f 
ballistite smokeless will also load 85 shells with “ 24-grain loads,” i.e., 
24 grains is equivalent to a “ three-dram load ” of black powder. 

Du Pont Smokeless is a bulk shotgun powder, made at (farney’s 
Point, N. J., and consists of small, grayish-white granules, resembling 
in appearance jiowdered or granulated blcaehed shellac. It api).arentl3' 
is a straight nitrocellulose powder containing no grai)hi1,e. The hard 
and porous nature of the grain is said to be due (uitirely to the pi'ocess 
of manufactui'e, and not to after treatment. This (4iaract(!ristic 
insures quick ignition, and rapid and maximum conflnistion of the 
powder charge. It gives a very high velocity, and hence superior 
penetration. The recommended load for 12-gauge guns arc to 3[ 
drams by measure, put in the shell with 25-30 lb. pressure, and 1^ to 
li oz. of shot. 

Hazard Shotgun Smokeless, whose manufacture has now been 
discontinued, is a small brick-red grain bulk nitrocellulose powder. 

E. C. Improved Shotgun Smokeless is an orange-colored, bulk 
nitrocellulose powder of medium granulation, first made in the United 
States at Oakland, N. J., but now produced at Carney’s Point, N. J. 
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It must be loaded by measure and not by weight and must not be 
used in rifles or revolvers. 

New Schultze manufactured at the American E. C. & Schultze 
Works, Oakland, N. J., and at the Carney’s Point Works of the Uu Pont 
Company, is a hard grain smokeless bulk shotgun powder. The grains 
are very fine, dense, hard and nearly white, the best loads adapted foi- 
12-gauge guns being to S-l drams by measure. The grain of this 
powder is so fine that it burns without residue, hence there are no 
unbuiTied jnirtick^s to blow back into the guruier’s eyes. On account 
of the hardness of the grains, slight variations from the 30-lb. piessure 
jecommended in loading the powdei’ in shells, docs not matei-ially 
influence the shooting. “ New E. C. (Improved),” also a ludk smoke¬ 
less, nitrocellulose shotgun powder, is similar to New Schultze. 

Empire Smokeless Shotgun Powder is a dark gi ay granular bulk 
powder, the grains being approximately sirherical in shape. The (.om- 
position is such as to insure freedom from blow-liack and much 
alkaline resiilue in the barrel. It somewhat rcsemlilcs Schultze 
Powder. 


In 12-gaug(! guns the loads run from 2i to 31 drams. It is manu¬ 
factured at Carney’s Point, N. J. 

King’s Scmi-SmokcIcss Powder is manufactured by the King 
Powder Co., under the supervision of its inventor, Milton E. bindsley, 
at King’s Mills, (Jhio. This powder contains 20';i, of a nitrocellulose 
prei)arcd by nitrating wood fiber, and contains about 11.5% N. ’This 
powder rcscnib cs black powder in its phy.sical api)earancc, is made 
by black powder machinery, and glazed the same as ordinary black 


powtlcr. It has been manufactured for the past fifteen years, and 
comes into commerce in the five sizes, EFEKG, EFEC, FFC, Cfl, 
and (Xl; F, C, and 0, denoting Fine, Coar,so, and Gi'ain respectively. 
The variation in size of grain is said to be produced by sifting through 
various mesh sieves, the finest (FFFk'G) being usi'd for 22-cal. and 
other small caliber arms, FFFG and FFG being best adapted to shot¬ 
guns. It is a bulk powder, the bc,st results being obtained by an 
ordinary primer such as is used for firing black powder. 

Recently (April 5, 1910) a patent * has been granted to G. Peters 
and M. F. Lindslcy for a nitrocellulose containing safety powder for 
blasting, the inventor’s prefeiTcd formula being: Ammonium nitrate, 
75%, nitrated wood fiber 20%,, nitrobenzol 4%,, and asphalt 1%,, all 
incorporated to a homogeneous mass. After incorporation the material 
is packed in various sized waterproof paper tubes and hermetically 
sealed. Nitrocellulose made from wood fiber, it will be remembered. 


1. U.S.P. 953798, 1910. 
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always gives a higher ash, than when cotton is taken as the source 
of cellulose. 

Lesmok is a hulk rifle and shotgun powder manufactured by the 
E. 1 du Pont de Netnoui's Co., of Wilmington, Del., and is the culmi-* 
nation of an exhaustive series of experiments looking to the produc¬ 
tion of a powder best suited for .22-caliber cartridges. This powder, 
which is black in color from contained charcoal, contains from 10-20% 
nii.rocellulose, and produc^es less smoke (less smoke) than similar 
powders, whence it derives its name. The manufacturers call atten¬ 
tion to observations made with small bore rifles as .22-cal., in which 
l.hc best results are obtained from a j)owder that leaves a soft, moist, 
non-acid residue, and but little of it, which residue should not cake 
in the rifling, so as to impair the accuracy of shooting. Their study 
showed that the residue aj)parently acted beneficially when it was not 
too great in amount; when it w'as soft, moist, and greasy; and when 
it did not cake in tlie grooves or burn into the barrel. It was also 
di'inonslrated that, powders showing opposite characteristics to these, 
even when not sufficiently jn'cmounced to prevent their successful use 
in rifles of larger calilier, give pool' results in the .22. 

Tin’s, then, is the general jirinciple upon which Lesmok has been 
fornmlat.ed. As illustrating to what extent the residue has been 
diminished and modified as to ability for use in the breech-adapters 
with the .22 kSpringfield U. S. (loveriiment rifle, it is recalled that black- 
powder cari-i'idges soon foul the adapters to such an extent that 
they are useless until cleaned, whereas but little difficulty is experi¬ 
enced in this direction with Lesmok powder. The .22 Springfield, 
with its lireech-adaptcrs, impo.ses a severe test upon the cleanliness 
of a powder. 

rhe Gentieu and Waddell Method of Smokeless Powder 
Manufactured In carr)'ing this process into effect the pulped nitro- 

1. (1. (Icnlii-Ii and R. Waddell, U.S.P. .SOailil, 1905. In I’ig. 309, A represents 
the lank, ))rovidcd with manholes at top and bottom, closed by covers W, H', for the 
intrcKluction and removal of the nitrocellulose. A hollow shaft B passes through 
the tank and Ls provided with a .scries of radial agitating arms C, which arc hollow 
and communicate with the interior of the shaft, being preferably arranged spirally 
as shown. A .stationary compressed-air pipe E fits into the hollow axle B, the pipe 
Ixiing provided on its lower side with a senes of air ports J, which supply air to the 
stirrers C, so that the compressed air is supplied to the material in the Ixittom of 
the tank and must force its way into and ttirough the material to escape. The 
solvent is introduced l)y means of the pipe F, and steam admitted to the jacket 
d liy a pipe d'. Tile solvent passes through an exhaust pipe G and is condensed. 
.\flcr the excess of solvent lias !)ecn removed, the grains are ready to he seived and 
driccl. W. Williams {U.S.I’. S'i.lltiS, 1906) colloids nitrocellulose by immersing the 
grains in a solution of mononirronaphthakne in a relatively volatile liquid until 
they soften, wlien t hey are removed, dried first by exposure to the atmosphere, and 
then at a temperature of 40-50°. See G. AVadsworth, U.S.P. 899577, 1908: E.P. 
16492, 1907; abst. J.S.C.I., 1908, 27, 297. 
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cellulose after suceessfully passing the, required heat tests, and the 
surplus moisture removed eentrifugally, is placed in a suitable vessel 
(Fig. 309) and treated with compressed air, jierfoi-ably introduced 
into the Irottoin of the container in fine jets, the nitrocellulose being 
further agitated, if desired, by means of a stirring device. In this 
manner the particles are nnifortnly subjected to the action of the com¬ 
pressed air, the effect lining to break up the pulped material into porous 
grains, which are then subjected to colloiding solvents, in proportions 
to produce a retai-ded colloiding effect. This is best accomplished, 
the patentees claim, by mingling the solvent with the compressed 



Fin. 300.—The Gentieu and Waddell Process of Smokelc,ss Powder Manufacture. 


air, which is introduced gradually and in the form of a va]ior, stiri-ing 
being continued. The pressure tends to drive the solvent into the 
grains, thus producing the desired effect with the minimum of liipiid, 
while the stirring lifts and distributes the pait-iclcs so that the solvent 
can be evenly and uniformly sprayed over all portions of the mass by 
the compres.sod air. The thorough penetration of the grains produces 
a finished product, it is claimed, of the requisite density for smokeless 

In the manufacture of smokeless powders according to the process of V. Vender 
(F.P. 40.')822, 1009; U.S.P. 046294, 1910) the incorporation of hydrated magnesium 
carbonate or of manganese peroxide with the usual ingredients is claimed. It is 
stated that since the.se substances arc decomjiosed at a relatively low temperature 
with a considerable absorption of heat and development of gases, they yield a stable 
powder with a very low temperature of explosion, and that the pistes evolved 
prevent the b’owing back of the flame, by diluting' or burning the carbon monoxide 
produced in the explosion. A suitable mixture is composed of 60 k. of nitrocellu¬ 
lose, 28 k. of nitroglycerol and 12 k. of hydrated magnesium carbonate, gelatinized 
by acetone and molded in the nr.liBJiry way. 
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powder for use in rifles and shotguns. After proper penetration, 
the compressed air is lieated to 40—43°, and its action continued until 
the grains are sufficiently dry not to sti<'k together. The pressure 
is then rcdui^d, the colloided powder taken out, placed in trays and the 
drying completed in the usual manner. 

Amberite is a nitrocellulose powder patented by Clurtis & Andre 
in lS!)l,i and manufactured by Curtis & llai'vey, at Kent, England. 
It is an orange-i^olored sporting powder (imposed of nitrocellulose, 
potassium and barium nitrates, paraffin and a small amount of volatile 
matter. The grains arc hard and will stand rough usage without 
crumViling. The rc('ommended charge for a 12-gaugc gun is 40-42 
grains by weights to a 1oz. loac.1 of shot. Cnnmmilc or mnonilc 
patented in 1S89,^ is produced by the same firm, and a(tcording to Dr. 
Dupre consists of nitrocellulose and gi'aphite, SO, potassium nitrate 
6.SS, resin 0.1!) and moisture 0.03, Amberite, cannonite-* and ruby 
■powder, have, in general, the same general characterist,ics and apjAica- 
tions. The composition of amberite is stated as nitrocotton /I, 
potassium nitrate 1.3, barium nitrate IS.O, wood ]nilp 1.4, and vaseline 
5.8, while the constituents of cannonitio is given as nit.rocotton 86.4, 
barium nitrate 5.7, vaseline 2,0, carbon 1.3, potassium icrrocyanidc 2.4, 
and volatile matter 1.3. 

E. C. Powder was patented in 1882 ^ by licid and Johnston, and so 
called from the E.Kplosives Company where it was first made. 
Originally tlie iiatentei's grained the jmlpcd nitrocellulose by tumbling 
in bai’rels with the introduction of water in a spray. The grains, after 
drying, were colloided by moistening w’ith 50-75% ether, the latter 
recovered, and the grains ])assed tbi-ongh a sieve of the desired mesh. 
The powder grains were' colored riHldisli yellow by the addition of a small 
amount of aurine (rosolic acid) dissolved in tlie ether used foi lail- 
loiding. Ccrald ISanford ■> .states tliat “ it is now and has been 
since 1807 what is known as a 33-grain ])o\vder, tJiat is to say, the old 
standard Charge of 3 drams by measure for- a 12-bore gun weighs 33 
grains as compai-ed with 42 grains for the original I'k C. and other 
nitro powders. This improvi'inent was effected by a reduction of the 
barium nitrate and the use of nitrocellulose of a higher degree of nitra¬ 
tion, and also more gclatinization in manufacture. The granules are 


1. E.l’. 11383, ISill. 

2. E.P. 1115, 188!). 

3. See Arms anil Expl., 18!)S, 6, 54. 


4. F.1M47325, 1882. , , , -i * n -i 

5 “ Nitroexplosivcs," lOlK), ISO, anil having formerly been resilient chemist 
at tile Slowmarket Works of this coinimny, this author undoubtctlly speaks 


authoritatively. 
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very hard, and resist moisture to an extent hitherto unattainable 
by any ‘ bulk ’ powder. 

“ Irregularities of pressure in loading have also a minimum effect 
by reason of the hardness of the grains. The coloring matter used 
is aurine, and the small (juantily of nitrate used is the barium salt. 
The powder is standardized for pressure velocity with Doulenge tdirono- 
graph, pattern and gravimetric density by elaborate daily tests, and is 
continually subjected to severe trials for stability' under various con¬ 
ditions of storage, the result being that it may' he, kept for what in 
practice amount to indefinite periods of time, either in cartridges or 
in hulk, without any alteration lieing feared. The K. ( 1 . powders are 
used m sporting guns. No. 1 and No. 2 E.C. are not at present manu¬ 
factured, M.(I. No. 3 having taken their place entirely. Since 1890 
these jiowdcrs have been manufactured under the Horland-Johnson 
patents, tliese improved powders being for some time known as the 
J.15. jiowders. The li.O. No. 1 was superseded hy the J'l.U. No. 2, 
made under the Borland-iJohnson iiatcnts, and this in its turn l»y the 
E.C. No. 3 (in 1S!)7).” The latter is a 33-grain smokeless powder 
giving low recoil and esiiecially adapted for cfliciently propelling the 
lighter shot charges.* 

Smokeless Diamond or Diamond Smokeless, is a dense, nitro¬ 
cellulose, shotgun powder of the 33-grain type, i.e., the weight stated 
(33 grains) is the standard for a j2-gaugc shotgun cartridge, and (siuiv- 
alent bulk for bulk of 3 drams of black powder. Invented hy If. 
Chapman, it is produced by Curtis & Harvey at their Tonbridge works. 
It is claimed that on account of the physical structure of this powder, 
it is unusually rapid in action. 

Rifleite^ is said to consist of a mixture of dinitroc.ellulo.se and 
trinitrocellulo.se with the addition of a small amount of dinitrobcn/.cne, 
gelatinized with acetone, rolled into sheets and cut into grains. 

J. B. Powder, invented by Jud.son & Borland, after w'hom it was 
naincd,^ is a combination of lower nitrated celluloses with pota.ssiuin 
and barium nitrates, in which they took nitrocellulose 50, jxrtassiuui 
nitrate 40, barium nitrate 40, and carbonized starch 10 parts. In 
another formula 1% ultramarine was added. The nitrocellulose 
was wetted with water to decrease its inflammability, the nitrates 

]. For “ Improved E. C. Powder," nee .Anas and Expl., 18i)7, G, 3ti. 

2. Arms and Expl., 19(X), 8, 111, 21, 50, 69, 82. For a guncotton explosive 
called BeUeniU see Arms and Expl., IIKM), 8, 186. For “ SiS,” a bulk smokeless 
sporting powder manufactured by the Smokeless Powder & Ammunition Co., Ltd., 
sec Arms and Expl., 1898,6,178. For history of this firm see D. Grant, Ibid., 1896, 
5, 19. Their “Smokeless SS Sporting,” nitrocellulose powder for shotguns was 
placed on the market in 1890. 

3. E.P. 8951, 1886. 
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then added, and granulated either by passing through a sieve or by 
tumbling in a revolving drum. In one modification * the mass was 
moistened with a benzene solution of camphor in insulBcicnt amounts 
to gelatinize the nitrocelhilose; the powder was granulated and dried 
in the usual manner. The finished powder consisted of fairly hard, 
uniform, silvery gray grains, at one time used as a sporting powder. 

Tonite or “ cotton powder,” patented in 1874 by Trench, Faure 
and Mackic,"'^ consists of finely comminuted guncotton mixed with 
recrystallizcd and finely ground barium nitrate, the proportions being 
about 51 to 19.^ It is manufactured at the Faversham and Melling 
Works of the Cotton Powdei' Company, and by the Tonite Powder 
Company of San IVancisco. According to .\rms and Explosives, 
1910, 18 , 138, from 12-15 tons arc annually manufactured in Bel¬ 
gium, of a composition of nitrocellulose 54%, potassium nitrate 42% 
and barium niti'atc 4%. Tonite No. 2, which is of a gray color, com- 
jjriscs guncotton, sodium and potassium nitrates, sulphur and char¬ 
coal. Tonite No. 3 consists of guncotton 15-19%, nteta-dinitro- 
henzene 13 %, and barium nitrate 72-68‘/f,. It is of a yelhjwish color, 
slower in action than Tonite No. 1, and is more useful for disintegrat¬ 
ing soft rock. Its manufacture dates from 1889. 

Tonite finds extensive use in submarine blasting and torpedoes, 
and was used in the construction of the Manchester Ship Canal. The 
large amount of Inirium nitrate therein makes this explosive heavy 
and very dense, it being exploded by means of a detonator. Con¬ 
taining sufficient oxygen in nitrate form to combine with the liberated 
carbon, but little carbon monoxide (CO) is formed in its detonation, 
which renders it a safe explosive to use. 

Saxonite, produced i)y the Ardccr Works of Nobel’s Explosives 
r'ompany, Ltd., is said to con.sist of nitrocellulose 3.5-5.5, nitro- 
glyccrol, 58-62, potassium niti'atc 25.5-30.5, chalk 0.5, ammonium 
nitiate 14-27, and moist wood pulp 11-23 parts. According to the 
1907 report of the Inspcctoi's of Explosives, out of 7,764,122 lb., per¬ 
mitted explosives consumed 22.18% was saxonite, and of 7,998,662 
lb. used in 1908, 1,780,888 lb. was saxonite. 

1. Borland, E.P. 6289, 1896; 4593, 1901. 

2. E.P. 3612, 1874. Tonite Nob. 2 and 3 were patented by Trench alone. 
Folentite is similar to tonite except the barium nitrate is rcplac^ by potassium 
nitrate, the formula lieing guncotton 62.2, potassium nitrate 33.8. It is compressed 
into cart.ridgcs before use. Clermonite and Empire Powder are stated to be similar. 

3. The purihed and pulpe<l guncotton is intimately mixed with the barium 
nitrate, both in the wet state by means of ed^ runners, the mixing continued until 
neither constituent can lie detected in the mixture. The paste is then compressed 
into cartridge* without further treatment, which are finally rendered waterproof 
by coating with paraffin. 



962 


NITROCELLULOSK INDUSTRY 


Oarite, invented by Trench, is said to consist of nitrocellulose 
10, nitroglycerol 20, dinitrobenzene 10, and barium and potassium 
nitrates, 60 (parts by weight). 

Henrite is a smokeless nitrocellulose powder of the 83-graiii class, 
manufactured by the Henritc Explosives, Ltd., Hartford, Kent. Nmnile, 
Red Star and t'elixiie are smokeless powders made by the New' Explo¬ 
sives Company, Ltd., London. 

French Powders. Poudre B} or Pondrc Vic'dlc, is the original 
powder produced by Vieille in 1SS6, this being tlie first entirely g('liil,- 
inized military powder adopted l)y the Service, it was intended espe¬ 
cially for use in the Lebel rifle, and known as the laLel powdei’. .\s 
analyzed by Lieut. Wissor, IbS-N., it w'as found to conf.ain insoluble 
nitrocellulose GS.2, .soluble nitroci'llulose 20.71), and paraflin 2 (parts 
by weight). The present French .service powder “11” is a pure 
nitrocellulose powder, gelatinized with a mixture of alcohol ami efhei', 
amyl alcohol being added in certain (urcuinsf.auces as a stabilizer 
Poudre BN is similar, except for the jireseuce of barium or potassium 
nitrate .3 

Poudre J, which was invented by llruneau, is said to consist of 
guncofton Sll, and ammonium bichi'omat(' 17 parf.s. The def.ails of 
manufacture have not been disclosed, but a])])arently are similar to 
that of poudre pijroxylec. The powder is made in rour si/a-s, i.e., 
No. 0 for rifles and carbines. No, 1 and 2 for general lumfiug purposes, 
and No. !} for snudler caliber arms, as pistols and revolvers.* Ttu! 
moi.sture in the powder as sold averages about ii'b',. VvUuhuline or 
poudre cellidoiquc/’ patented by Turpin in liSSS, conijirised pulped 

1. Njuned aftTT General Boulanger. 

2. The powders are classified as Poudre H, containinp; no amyl alcohol, Poudre 
B, AMj coTiiaininR 2%, and Poudrc B, containing amyl alcohol. For 
heat t^sts of Poufln^ B, see 1^. Mieure, Mem. des Poudres ct Salpetri's, 

B"), 1; M. Patart, Ihid., 39. The Krwicli BN for field puns appears in strips .3 in. 
long, 0.05 in. thick, striated with line.s, so that it may (m* lirokeii in width as desired. 
The color is light gray I'^or large guns, the strips arc* 5.5 in. long ami 2 in. wide and 
about 1 in. thick, the strips Iwng of a dull yellow' color. Both arc haril but brittle. 

3. The materials are either mi-xeil in incorporating mills with the ininuinim 
amount of water, or letter the nitrates are flissolved in water to siituration, carefully 
clarified by filtration, and the filtered solution ad<lod to the nitrocellulose in a mix¬ 
ing machine, being aftcrwanlspresscti through a 10-mesh sieve, and dried artificially 
to a mininnim of 1% moisture. After drying, 25% etlier is lidded to the mixture, 
and the paste thus obtained granulated on a 15-mesh sheet zinc .sieve, the mixture 
of grains and dust l^ing drie<l and then sifteil into prescrilKjd sizes. The finisfiexi 
product is a light yellow granular powder, of which 2150-2300 are reciuired to weigh 
a gram. 

4. The following table gives the constants of the four sizes: 

No. 0 12 3 

Number of grains per gm. 300 OOtl PifiO 2000 

Gravimetric density. 0.74 0.71 0 OS 0 .53 

Sp.gr. 1.02 1.59 1.50 .1.435 

5. F P. 189398, 188S. 
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nitrocotton saturated with ether or ethyl acetate. The colloid is passed 
throuRli powder-cuttinp; machines, and cut into cubes, a portion of 
the ether being recovered by refrigeration. 

According to .4rins and Explosives, 1907, 16 , 50, the following are 
the French shotgun smokeless powders: J. Powder, composed of nitro¬ 
cellulose S3%, ammonium bichromate 14%, potassium bichromate 
3%, tiliLs being a style of powder in which there is no equivalent in the 
United States, or Jhigland. T. Powder is a gelatinized flake powder, 
manufactured from niti’occllulose only of the highest degree of nitra¬ 
tion, and presumably gelatinized by means of acetone. Cooppal 
11, and Sholfjun liijlnle ;ire similar. M. Powder is composed of nitro¬ 
cellulose 71 %, barium nit,rat(^ 20potassium niti'ate.')%, camphor 3ff, 
gelose 1 and somewhat similar to the English .33-cal. powders. 
iS'. Powder is an ecpiivalent of the English 42-gi'ain powders and the 
U. S. Sjjorting Powders, and contains nitrocellulose 05%i, barium 
nitrate 20^-,', and jxjtassium nitrate 30%. 

Walsrode Powdens. Wolff & Co. of Walsrode, prepare a line of 
flake and granulated smokeless jmwders, especially adapted for the 
shotgun. They are imwle by mixing nitrocellulose of around 13% 
N' with ethyl acetate (acetic ether) to a colloid mass, which is ren- 
derf'd perfei'tly liomogeneous by nuisllcatlon in a kneading machine, 
similar to those described and illustrated in Cdiapter XIV^, under 
conversion of pyroxylin into plastic. Hot water is then introduced 
into the ma.ss, and finally steam in order to dissipate the solvent and 
form the nitrocellulose into a grain of the. desired porosity. The grains 
ai'e cent rifugally dehydrated, dried at a temperature below 45°, and 
finally sifted. 

Troisdorf Powder is a pure nitrocellulose powder in flake form or 
nitrocellulose with small amounts of metallic nitrates. As manu¬ 
factured by the Chilworth Gunpowder Company, Ltd., it is known as 
Chiluorth Smolreless Sporting Powder. TroLsdorf powder usually con- 
tain.s a small amount of graphite as a luliricant for the gun bore. The 
nit,rocellulose, which contains about 12% N, is completely soluble in 
ether-alcohol, and is rolled into sheets and cut into grains 0.1 in. square 
and 0.04 in. thick. 

Wetteren Powder (L. 3, I.ibbrecht’s Powder) prepared at the 
Royal Guniiowder Factory at Wetteren for use in the Belgian Service, 
was originally a combination of nitrated paper pulp with nitroglycerol, 
amyl acetate being used as a solvent and stabilizer. Afterwards the 
nitroglycerol was discontinued but amyl acetate retained. The 
composition of the Wetteren Smokeless Military Powder has been 
stated as nitrocellulose (soluble) 48.15, guncotton 30.73, charcoal 
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12.12, volatile matter 8.22, and humus 0.77 (all parts by 
weiaht). 

Von Forster Powder is a den.se, pure nitrocellulose Hake powder, 
the nitrocottoii being entirely gelatinized, some forms containing a 
small amount of sodium bicarbonate or elutriated chalk a.s an antacid. 

Cibalite, invented by J. von Falkenstein, i.s a nitrocellulose pow'der 
made in Germany. 

Miillerite No. 1 and 2,* manufactured by Muller & Co., of Li^ge, 
are light green, throughly gel.atinized nitrocellulose pow'ders, which 
aie of the “ condeiused ” type, as distinguished from “ bulk ” nitros 
which load volume for volume equally with black powder. No. I is 
granulated in the leaflet form, while No. 2 is formed into small 
grains, uniform but hard. They both give high velocities, but with 
quite high pressures. Exposure tor 120 hours to a damp atniosphore 
caused No. 1 to absorb 2.67% moisture, and No. 2, 2.,')%—a high 
absorption. They also combine nitrocellulose and metallic nitrates, 
into a smokeless powder called Clertmmilc. 

Cooppal Powder is rather the name of a class of powders mdnu- 
factured by the Belgian firm of Coopp.al & Co., in which nitrocottoii 
or nitrojute is gelatinized with a solvent, with or without metallic 
nitrates. One form, especially suited for the Hotchkiss gun, and com¬ 
ing into commerce in 3 mm. cubes, is said to be composed of nitro¬ 
cellulose 71, barium nitrate 24, resinous material 4 and moisture 1. 
The sporting powders are colored gray, or.ange, etc., by aniline dye¬ 
stuffs. “ C.L. Powder,” made by the same firm, is similar. Flum- 
ndt'orc, patented by A. Leroux in 1S.S7, consi.sts of collodion cotton 
10, ammonium nitrate 85 and ammonium sulphate 5.- Nitrojute is 
said to enter largely into the Cooppal smokeless powders. 

Matagnite, so called from the place of its manufacture (Matagne- 
la-(irande, Belgium) appears in commerce in two forms, Mtilayniic, 
gelatin, composed of nitrocellulose and nitroglycerol with sufficient 
of an absorber to insure against exudation, and Blasting matagniie, 
composed of nitrocellulose, nitroglycerol and nitrobenzene. 

“Normal” Smokeless Powder, invented by E.Schenker,and which 
has been used for some years in the Swiss army, is produced by the 
Swedish Pow'der Manufacturing Company, Landskrona, Sweden, 
being composed of nitrocellulo.se gelatinized by amyl acetate. The 
powder is said to be veiy stable, ignites readily, is very light (sp.gr. 
0.75-0.79), not readily sensitive to shock or friction, and has excel¬ 
lent keeping qualitie.s—a sample stored 3.5 years giving as good 
results as when first made. It is made in four forms. For small 
1. Arms and Explosives, 1899, 7, 84, 140; I'ield, .tpr. 22, 1899. 
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arms the grains are cubical, and about 1 mgm. in weight; for field 
guns it is used in the form of yellow cylindroids of a diameter of 0.8-0.9 
mm. Whereas 100 rounds of a nitroglycerol powder fired in eighteen 
minutes raised the temperature of the gun barrel 240°, the same num¬ 
ber of rounds of normal powder fired under similar conditions pro¬ 
duced a rise of but 140°. Eight hundred rounds fired in a rifle did 
not produce noticeable erosion of the rifling. 

Japanese Smokeless Powder for field guns is stated * to consist 
of a mi.Uure of about 40% of a collodion-pyroxylin containing 11% 
N, and 60% of an insoluble pyroxylin containing 13.4% N. The 
powder for mountain-guns contains somewhat more of the collodion- 
pyroxylin. 

Guncotton Blocks. In the working up of finished guncotton 
into blocks and disks for use in toi’pedo tuljes, submarine mines and 
warheads, guncotton of a predetermined density and definite moisture 
content is used in large quantities. As it comes from the poacher or 
cent.rifugal, the guncotton usually contains from 20-30% moisture, 
which amount cannot be further I'educed except by diying or hydraulic 
pressure. The formation of 'arge-sized (up to 500 lb.) blocks of gun¬ 
cotton is due to A. irnllings,^ who in 1S9S described methods and appara- 
t.us for comiin'ssing the moist explosive into submarine mine charges 
of 150-500 lb. Previous to tliis, large charges had been formed by 
building up a single block of disks not greater than 2 in. in diameter 
and weighing not over 0 lb. each.^ In tlie Hollings hydraulic press 

1. A. SaposlinikofT, Z. gea. Sclilesa-u. SpifngatnlTw., 1900, GO; (’Iiein. Centr., 
190(i, 1. 1190. 

2. K.P. lOSOG, 1S9S; 2:m9, 1S99. 

Sanford (Nitro-oxplosivoH, lOOO, 09) haa pointed out that the following are 
the advantages claimed for the proce.sa: (1) There is no waste space as with liuilt- 
up segmental tor|KHhM.^s, through imfxirfect contact l^tween the individual segment.s, 
resulting in about 15% more guncotton Ijeing placed in a given space, or a correspond¬ 
ingly less space lie occupied by a charge of a given weight, (2) Tlie metallic cases 
for oni'-])iwe charges may }>c much thinner and lienee lighter than those of built 
up Beginonts, since with the fonner their function is simply to hold jn place a single 
block and to prevent the loss of moisture from wet guncotton or the absorption of 
moistui'e from the guncotton in the dry state. As the solid charge inside will 
prevent df'fornmtion during transport, the outer protecting shell may l>e made 
lighU*r. On the other haml with built-up charges, in addition to the case l)eing 
strong enough to prevent damage either to itself or to the explosive within, it must 
l)e sufficiently rigid and close fitting to prevent shifting in any manner of the seg¬ 
ments, thus altering the center of gravity of the charge, and hence its declination 
and direction when traveling long distances submerged. (3) The uniform density 
of charges miule by the Hollings process is favorable to the complete and effective 
detonation of the entire mass, and to the presence of the uniform moisture content 
uniformly throughout the charge. (4) Any desired density from the maximum 
dowTwards is obtainable fiy varying the pressure, and any reauired amount of moist¬ 
ure left in the mass. In those torpedoes which like the Whitehead and others, 
their value depends in a great measure upon the accuracy with which their course 
may lie directed, sometimes submerged for a distance of a mile, and the nicety 
with which their predetennined longitudinal and vertical gravity is calculated 
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the guncotton is placed in a container fixed at an angle with the press, 
the charge being pushed into the mold with a rammer, which is then 
swiveled back to the original position,' The damp mass is subjected 
both to circumferentiid and end pressure, a number of small holes 
being provided foi' the escape of water.'' G. Hell has devised a gun- 
cotton press, in which it is claimed the block produced is practicall)' 
uniform in moisture and density from end to end, differing in moisture 
no more than ((.S'/,' between one end and the other.'' In the A. Musker 
pi ess an appa^-atus for mixing the guncotton with water i.s attached 
to the })ress, so that the vessel containing the guncotton can readily 
be swung into position for compressing the jrulj) into blocks. When 
the block has l)een sufficiently coinpri'ssed, the cylinder can be swung 
back into its oi'iginal position and a fresh one sulistitutcd for repeating 
the opeiation." 

froin which allowances are made in calculating their course, and the speed of pro¬ 
pulsion reciuitvd in order to come in contact with the object to 1» demolished. 
The difficulty of insuring tliis unifonnity from a segmental torpedo is obvious, and 
inereases wit h the number of segments composing the chai’ge. Sec Arms and Kxpl,, 
ISytf, 7, 121. . 

1. According to 0. (luttinann (J.H.C.I., 1,S92, 11,203) “the compression of 
guncotton into cartridges rerpiircs far more care than that of gunpowder, as this 
is done in a warm state, and guncotton, even when cold, is more sensitive than 
gunpowder. When coming froin the centrifugals, the guncotton should always 
nass first through a .sieve in order to eliminate nails or matches which may hy chance 
have got, into it. To protect the men working the hydraulic valves during com¬ 
pression, at WaHliain Ahliey tliey have a curtain made of ships’hawsers, which 
IS at the same time both elastic and resistant.” 

2. In addition to the U'dious and liaisardous operation of cliarging and loading 
submarine mines and torpedoes with a large number of segments, tlie charges when 
built up w'ere iimsatisfactory in that the layers of air Ixdween the adjacent .small 
blocks considerably retarded the progress of t he detonation. 

3. K.P. 10G63, 1904; ll.S.P. S3.")29(j, M.WtlT, 19(Ki. For testing solid and built- 
up guncotton bhwks, seeU.S. 'Torpedo Station letter No. .3320, ahsl raeted in Kngiiicor- 
ing 1910, 89, 123. The built-up warheads in pieces weiv found suiierior. 

4. In those proce.sscs of pres.sing whereby an already preparatorily-formed 
block is further compres.scd by acting upon it by a hydraulic ram at only one end 
in a mold, the other cud being elo.sod, it was found the block produced did not 
[) 03 .sess the necessary uniformity of den,sity and moisture, it lieing found tliat tlie 
block wa.smucli denser at the end nearer 1 he ram. Tlie latter end wa.s comparatively 
too moist, and so soft that it had to lie cut away. If the moisture at any part (if 
tlie liloek is too low, the projectile is usually considered unsafe, it Ixuiig wi'll 
estaljlislied tliat tlie moisture should not lie le.ss than 18%, On the otlier hanil if 
there Ire exce.ss of water at any part of the charge, the detonation under ordinary 
priming conditions will be incomplete. Unifonnity in density is nece.s.sary in the 
case of a ctiargc of a locomotive-torpedo in order that the proper lialance of the tor¬ 
pedo containing it may be maintained when siiiunerged, for tlie successful delivery 
of the torpedo depends on very delicate adjustments of weiglits and propelling 
and guiding apparatus, so that a difference In weiglit between the ends of a torpedo 
charge might lie sufficient to render the toriredo useless unless the difference in 
weiglits were known Ixiforehand and allowed for. 

5. K.P. 3725, 1905. 

0. In the method of The New Explosives Co., Ltd., and J. A. Carter (K.P. 
12378, 1907), the charges are made in longitudinal halves or sections of a size 
to fit the projectile, etc., by compression in molds, where the pressure is exerted in 
a direction transverse to the a.xis of the mold. The sections may then lie united 
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The guncotton used in the U. S. Navy for torpedoes is compressed 
into rectangular iilocks with chamfered corners, 2.9 in. in diameter 
and 2 in. in height, ea(di block being provided with a hole J in. thick 
lying in its vertical axis. Such blocks may be obtained by pressing 
the wet pulp in a molding press at a pressure of about 100 lb. per 
sq.in., f()llow(>d by a high pressure of about 6,500 lb. per sq.in. When 
damp this military cotton may be shaped with wood-working tools 
in much the same manner as wood. It is stateiH that in the 
preparation of the guncotton charg(;s for use in the heads of very large 
torpeilo-shclis fired from the guns of the U. S. Vesuvius, these com¬ 
pressed guncotton blocks were sawed with a fret saw and shaped in 
lathes to conform the block to the particular configuration of the 
torpedo heads. 

■■Nitrocotton and Picric Acid. About LSSG M. Turpin prepared 
a combination of j>icric acid and collodion cotton as an explosive, 
to which the name Melinite was given. Kxpei'iments along these 
lines were conducted in .Knglund at hydd, the product finally adopted 
being called Lyddite. The Japanese exjrlosive Shimose is said to be 
similar to Melinite and Lyddite. The general method of manufacttire 
is stipposed to be tlie incoi’iioration of picric acid with collodion cotton 
by means of the mutual solvent acetone or ether-alcohol, the gelatinous 
riifuss then being (hqirived of excess of solvent by gentle heat or evapora¬ 
tion in a warm room. It was soon found that when these combina¬ 
tions were used in shells, the free picric acid attacked the copper of 
the shell, forming copjier ])icrat,es—stable W’ith difficulty. Salts of 
[)i(^ric acid, especiall>- ammonium pica'ate, w'ero used to replace the 
iVee picric acid, but du(f to several inexplicable explosions with these 
■ombination.s, they have not received the general acioption that their 
inventors predicted. C. Buck- proposes to combine both trinitro- 
ohimol (picric acid) and dinitroirhenol with pyroxylin, the three being 
iiiixt'd LOgethcr in the dry state, and afterwards combined by inelt- 
ng together, fie recommends picric acid 50, dinitrophenol 50, and 
)yroxylin 4 parts, to which, after combination is added barium nitrate, 

)y means of collodion solution or tlic like, to form a single piece, the use of lathe- 
urning licing thus rendered unneccssjiry. In the apparatus claimed for carrying 
>ut this jrrocess, the molds for the separate sections are provided with drainage 
x^rforations and are open at the upper part to receive the press-head, while mechan- 
cal means are provided for bringing them Iteneath the press-head and removing 
.hem after the compression. A movable transverse partition may !» fitted into 
he mold so as to leave a space at the nose. This partition is removed before the 
!ompn>s8ion, so that the pulp may enter the apace, with the result that this por- 
.ion of the charge diws not reeei\c pressure in excess of that exert^ upon any 
)ther portion. 

1. C. hi. Mmiroe, International Encyclopedia, 1909, 9 370 

2. TbS.l*. ‘.MO.WO, 1909. • • • 
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50 and paraffin 4.1. 0. Hathaway has patented a similar prepara¬ 
tion' especially apidicable in deep-.shaft mining, and to the demands 
of mining in mountainous districts where rock of unusual hardness 
is encountered. 

Flash-Light Composition. Y. Schwart z ^ comiunes with a quickly 
combustible material, as magnesium powd('r, a c('ment of pyroxylin 
dissolved in ether-alcohol, while If. Luttke-'* mak('s an envelope of 
tliin collodion sheet.s to contain tlie magnesium, the advantages 
clainu'd being easy ignition and durability. L. (larre’’ prepares 
matches by dipping pieces of striw, haulms, rushes, or gra.ss in 
a celluloid solution, wliidi, after drying, are dipped in t.he match 
cornijosition. 

Stability Tests, sometimes also called “ heat ” and “ fume ” 
t(wts, arc applied to explosives to determine their k('ei)ing (pialities, 
wliich is their stal)ility. Applied to the product in the course of 
manufacture, tliey arc of value! as indicating th(! C'xtent to which 
purification has been carried, i.e., coini)let(‘nes.s w'ith which tho.se 
jiroduct.s have been eliminated which might induce deenmposilion, 
or cau,s(> sjMintaneous conibu.stion. As cellulose and glycei'ol nitraU's 
decomjiosi' luit slowly at the ordinary temperature when projierly 
prepared and purified, and .samples of guncotton have Ix'en stored for 
.years without serious deterioration, yet the sulphuric (‘sters and 
other indefinitely characterized bodies formed in manufacture and 
which arc extrenu'ly difficult to remove from the nitroci'llulose, nui- 
der accurate control of stability to la; a necr'ssary requisib' for safe 
manufacture. Before the value and accuracy of stability tests wc're 
established, the series of fatal ex|)losion.s which resulted in attempts 
to })roduce guncotton in large amounts coiniiK'rcially, temiioi-arily 
})ut to a stop to its manufacture in various couiitrii's. It was not 
until Sir F. Abel had proven the value of his “ heat lest,’’ that it became 
possible to pre[)are nitrocellulose-containing explosives in large quan¬ 
tities with a reasonable amount of safety and uidformity. Although 
this te.st has many imperfections, it is ])ei’haps to-day th(! most widely 
used single niti'ocellulosc stafjilit.y test. Nearly all th(! .stability tests 
evolved depend either upon the imiasurement of the volume of nitric 
oxide disengaged fi'om a known volume of thc! sample in a determined 

1. U.S.P. Sl.yS21, 1006. The mixture conipri.ses tairium nitrate 7, paraffin 6, 
benzene 1, ilinitrophenol 7.1, colliKlion 7.2"), pulverized wood charcoal O.,*), am! 
paniffin oil 0.7.7. Skoglund (E.P. ]Sil62, IHHS; F.l*. 1!U!K),7, 18SS) proposed to 
combine nilrocotton and picric acid, subsequently adding ammonium tartrate, 
carbonate or oxalate. 

2. U.S.P. 013021, 1898. 

,3. E.P. 768, U>03. 

4. E.P. 117, 1908. 
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period, aiul wliich nrc the so-ealled “ trace tents ” in which the time 
taken to color a very sensitive reagent papei- is not(;d, or the teni- 
jx'raturo is laised to the point where incipient or complete combus¬ 
tion ensues, as can be detected either by less sensitive reagents as 
litmus pajier, or observalile as futnes. A third subdivision may per¬ 
haps be made into th(' “ ((uantitative tests,” in whicli the products 
of combustion aie analyzed, and the amount given off in a known 
pei’iod of time calculated. In the first class may be included the 
Abel, (luttmann, Iloitsema and Ordnam* Department 115° tests; in 
the second class the Vieille, (ierman Test at l.'15°, and in the third 
class the methods of Will, llergmann and Junk, Oberniiiller, Thomas 
and Dess, all described herewith.^ 

The Vieille Test. In this test 10 gni. of the explosive is heated 
at 110“ in a sti’ong glass tube or bottle in a specially designed bath, a 
))iece of standard blue litmus jjaper being placed above the sample 
and the tube closed air-tight. Hi'uting is continued in the air-bath 
until the litmus paper is entii'ely reddened. The time ro<juired foi' 
the reddening is notc'd, after which tins tube is removnal and opened. 
This test is continued each day, until the lime reiiuired to redden 
f h(> litmus to the standard tint is not over an hour, a clean tube and 
fresh papej', of course, being u.sed ea(di day. The daily times are 
added and Ihe total accumulab'd time' should not be les.s than thirty 
hours for powders for 5 in. and larger guns, 1 wi'iity hours for jrawdei's 
designed for less than 5 in. guns and ten hours for nitrocellulo.se.- 
This test has been adopted otlicially in France, and in some other 
couniries, but the resultiS obtained by this test have been regrded by 
Sy ■'* iind some others as unreliable.* 

U. S. Ordnance Methods of Testing. The following are tests 
for nitrocotton as revised by the Ordnance Depart.ment, April IS, 
19()S, omitting certain details not available for publication: 

1. 1 or “ Methods of ToslUis Sttil)ility of Explosives in Various Couniries ” .see 
10Hcal('s, Z. a'cs. Seiiie.ss- u. Sprencslollw., 11)10, ,'), JOxhaustive series of reports hy 
a speeial eoinniission appointed hy (ith Int. Cong. Applied Cheni. to investigate 
the subject. See A. J.eronx, Bull. Soc. ('him. Belg., loO.'), Ill, 243; M. Jivoepa', 
Z. tSehiess- n. Sprengstoffw., 1000, 1. 30.5. 

'2. On lu’count of tlie volatility of nitroglyeerol and it.s danger of explosion. 
Iilasting g<'ln.tin and .similar nitroglycerol-c.ontainiiig explo.sivcs eannol lx- tested 
j)y this method. For “ Otitieal Indicator of the Deeomfwsition of Smokeless I’ow- 
ders,” see J. Boucliauil-l’raceir|, F.l’. 413821, 1000; also .L.S.C.I.,'BIOS, 2", Ofil; 
10t)0, 28, 1007, 1105. For determination of relative amo\mls of .smoke produceil 
from smokeless powders, see II. Relienstm-ff, Zeit. ges. Schiess- u. Sprengstoffw., 
lOOS, 3. 4,5. 

3. .I.A.C.S., 1003, 2.">, ,53.5; Jour. FVank. Inst,, 1008, ](>«, 240, 321, 433. He 
finds tlie msults are leliahle only when the explo.sive is either very good or had. 

4. As tlie reddening of the litmus indicates tlie jiresence only of acid products, 
it is affecled hy the moisture content of the sample. The papers used hy tlie 
U.S, Onlnance Department are the same as descrihed under the “ 135° test.” 
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Heal Test with Poliissium Iodide Starch Paper} Tho sample 
sliall b(! pressed in a clean cloth or wrung in a wringer if it contains a 
largo excess of water. The cake shall be rubbeal up in tho (doth until 
fine, taking care that it does not ((oino in contact with the hands, 
spr('ad out on cl((an paper trays, and dried,in an air bath at 35—13°, 
just a suffici(,‘nt length of tinn; to reduce' the-moisture' to that amount 
which will give' a niiniinuin lu'at test, this amount being from 1.5-2'’,',. 
If, as some'time's haiepcns in dry weatheer, the moistures has be'e'ii reduced 
to h'ss than 1.5'.;,, the saniiele shall be place'd in a moist atmosphere 
for a time not exceeding two hours, until thee requie-exl moisture is 
obtained. The whole time of drying and making the te'st shall not 
exceed eight hours. 

The dried sample for the hc'at t(!st shall be w('ighed out in 5 test 
tula's, 1.3 gni. (20 grains) to catch tulxt, so that a sc'ries is obtained 
(covering the widetst variation allowed for moisture. Tlu'sc' tubes are 
standard, 5.5 in. long, i in. internal diametc'r, and ^ in. c.xtemal 
cliamc'tc'r, closed by a clean cork stopper, fitting tightly, through 
which passes a tight glass rod with plantiuin holder for the paper. 
Corks are discarded aftc'r one? test. The nitrocellulose is prt'ssed or 
shake'll down in tho tube until it occaipies a space in the tube' of IJ in. 
The t('st paper, about 1 in. in length and 3 in. wick', is hung on the 
platinum holder, and moistened on its ujiper half with a 51)'solution 
of pure glyc('rin and water. The heating liath, carc'fidly re'gulaled 
at 65.5°±1.°, is placed so that a bright rellected light is obtaincnl and 
the tube placed in the bath. Time is markc'd when tidie enters bath. 
As test continues, a slight film of moisture! condenses on inside! of t.ubes, 
iind the' line of demarcation between wet and di-y test papc'r is ke'jit 
abreeast the lower edge of the moisture' film. The: first appe'arancc! 
of discoloration of the damp portion of the' t('.st paper marks the end 
of the test for eaeeh scpeirate tube, the minimum test of any one of the! 
five tubes being the heat test of the nitroce'llulose. This discoloration 
is to be greater than that obtained at the same time by a bliuik test. 
'I'he! standard water bath holds ten tubes and is meule long and narrow, 
to reduce to a minimum the, heating of the upper portions of the tube'. 
'I'he.sc tub(!s are: immersed in the bath to a standard de'iith of 25 in.^ 

1. For preparation of potassium iodide starch pape:r, see C. Storm, J. Ind. 
Eng. Ehem., ItKtt), I, 802. 

2. The weak points in this test as summarized ley Sy (,I..\.('.S., 1002, 25, .'iSO) 
arc as follows: In cases of the dceomposilion of the sample: during the test, it 
shows only the loginning and not the continuation of the decomposition, it Ijcing 
more important to know how decomposition proceeds than when it ts'gins. Traces 
of unstable nitrocompounds would show a nilrocclhdose or powder in which 
they are found by this test to be bad; yet such traces might not cause a decomposi¬ 
tion of the explosive, if stored under onlinary conditions. Traces of solvent left 
in the powder affect the test. The test may be masked by certain substances 
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German Test at A sample of nitrocellulose is dried at ordinary 

laboratory b'inperaturcs over night, or, as for the heat test, 2.5 gm. 
arc pressed into the lowiir 2 in., in each of two tubes, of heavy glass, 
about 290 mm. long, 18 mm. outside diameter, and 15 mm. inside 
diameter, closed with a (^ork stopper through which a hole 0.15 in. 
in diameter has been boit'd. .-\ piece of standarcl blue litmus paper 
70 mm. long and 20 mm. wide (Frankford Arsenal formula) is placed 
in each tube, its lower edge' I in. id)ov(' the; cotton. When the constant 
teemperature bath has been carefully regulated at K14.50°±0.5°, 
these tubes are placed in the bath so that not more! than 6.7 mm. of 
length pre)je'e'ts freim bath. Examination of the tubes is maele by 
witheli'awing eibemt otu'-half its length anel replacing epiickly each five' 
minute's, after twenty minute's have elapsed. Tire litmus in either 
shall not be completely I'celele'neel te) stanelarel in less than thirty 
minutes. The bath must be' jdaceel in ei goe)el light, with a suitable 
backgrounel. There shall be', ne) failure in either of the lubes.^ 

Nitration, .\itratiem is de'termineel ein a 1 gm. .sample of nitro- 
cellulejsc dried 1.5 heiurs at 95-100°, or in a vacuum dryer after a 
thorough air drying. The niti’e)cellule)se' is Wivshe'el into a du Pont 
nitrometer^ by 20 cc. eef 11 ^ 804 . The per ceait of nitrogen is read by a 
compariseui of gas give'ii off with a standeird volume. The nitrometer 
is standarelize'el by preparatie)ii of a cah'ulated standard volume of 
dry iur at a te'inpe'rature of 20° and 700 mm. pressure at 20° in the 
conii)arison tube. When pure KXO 3 is tested with the standard sul- 
])huric acid againsi sue'h cemipari.sein tube, the nitreegen figure shouhl 
invariably be 10.87',, when a correction is made of 0.02'/), for solu¬ 
bility of gas in Il/SO,!. The acid used shall be chemicallj^ pure 
sulphuric acid containing 91-90' ,', HjS 04 . 


ah mercury salts, as tlic clilorido, carbonates, alkalis, amino, cl liyl acetate, acetone, 
oils, eas' linc and aniline, which may b(‘ added to the explosive for that purjxisc. 
Explosives containing masking substances are not. acc(‘pted by the Ordnance 
Department. The test is alTt‘<‘led hy the condition of the sample, size of grains, 
whether recently f)repar(‘d for testing or cxj)osed to air, moisture in the air and 
slight dilTenmct's in test papers. 

1. According to A. Sy (l.c. Sol) three obscurations are made: (1) Reddening 
of the litmus paper; ( 2 ) appearance' of brown fumexs and (d) explosion of 

the sample. The minimum time reijuii'od by government specifications for tlieso 
three observations is as follows: 


Litmus rod. 

Nitroeellutose. dO min. 

Nitrcx’ellvdose powder . . .75 min. 

Nilrogiycc'rul jxiwder ... dO min. 


N 2 O 4 . Explosion. 

45 min. 5 hrs. 

120 min. 5 hrs. 

45 min. 5 hrs. 


It is d(‘siral)lc to ha\e a standiinl litmus paper, different mak(*s giving varying 
results. The great value of this test consists in keeping all the conditions as uniform 
as possible. 

2. Himilur to Lunge (las-voUinietef. 
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Orfjnnic Rcdilue. This is obtained by dissolviiip; 1 gni. nitrocellu¬ 
lose in pure actdone, filtering' by dc'cantation, and linall}' on an asl)estos 
filtc'r, dryin>? and deicnniiiinf' loss by iffiiition. 

Axh. This is detcrinined by decomposition with nitric achl, 
ignition, and weighing of residue. 

Suliihlc NilroccUuloKc. Soluble nitrocellulose is found by sub¬ 
tracting tile sum of a.sli, organic residue, and insoluble nitrocellulose 
from UK)',- 

iDKolublv NUrixellulo.te. Insoluble nitrocellulose is determined 
by soaking 1 gni. of the dry sample over night in 95% alcohol. In 
the morning the temiieraturc of the mixture is brought to I.’)..')® and 
sufficient ethyl ether, at the same temperatui'e, is added to make the 
mixtui'c of ('ther-alcohol 2 to 1 by volume. The mixture is kept at. 
this temperalure for one hour. After solution, the insoluble nitroccllu- 
loso is filtered off and weighed, correction being made for lush and 
organic residue insoluble in acetone. IVhere the amounts of insoluble 
nitrocellulose and organic residue are very small, coraparativg vol- 
nmeti'ic readings may be made in long tubes, allowing the insoluble 
matei'ial to .settle after I'egulai' treatment for.solution in the solvents. 
The lower portion of those tubes is constricted to .1 in. in diameter, 
cylindrical shaped, and graduated weighting of re.sidue. 

Mointiirc. Trum 10 100 gm. is evenly spread out on a paper tray 
placed in a water oven at 9S-100°, and dried as long as it decrea.ses 
weiglit upon reweighing. The nitrated cotton from a Sehvig and 
Lange e.xtraclor will (mntain from 20 00% water; that from a hydrau¬ 
lic i)ress from lS-25%, while an air-dry nitrocotton well seldom 
exceed li%. 

Aciiliti/. This may be determiiu'd (a) by soaking 1 gm. in a gla.s.s- 
slopp(‘red bot tle with 2.") cc. neutral water for tw'o hours with occasional 
agitation. The clear supernatant li(pnd is then withdrawn with a 
pipette and titrated with N/10 or X/100 alkali, phenolplithah'in or 
azolitmin being ns(‘d a.s indicatoi'. .\ (piick and accurate nat.hod 
is to dissolve 1 gm. nitrocotton in 25 cc. neutral acetone and add 
this liquid in small portions and with much .slinking to 100 cc. neutral 
water. The nitrocotton is ijrccipitat.ed out and a.ftcr filtration through 
pajier an aliquot ]iortion of the filtrat.e is titi'ated with standard alkali 
as before. 

AlknUnily. Some manufacturers leave traces of sodium car¬ 
bonate. in nitrocotton intended for artificial leat.her and jihoto- 
graphic films in order to neutrali/.e any ti'aces of acid which might 
subsequently develop. Five gm. of the air-drieil .sample are finely 
divided and digested with 25 cc. X/2 IK'l for one-half hour, the mass 
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diluted to 250 cfi. and portions of 25 or 50 cc. each titrated against 
standard alkali, using azolitinin or methyl orange as indicator. 

Ordnance Department 115° Test. This test, devised hy Mr. 
A. 1’. Sy,' consists in heating the cellulose: nitrate in powder on 'a 
watch-glass in an oven to a tcmpc'rature of 115°, the watch-glass and 
l>owder heing weighed after eight hours, and the jiroucss repeated daily 
for six days or k-ss. It is claimed that this treatment tc'sts the jxjwder 
in its natural statt', all the products of decomposition being taken 
into account, while in the older tests only the acid products arc- showui 
and in M'ill’s lest only nitrogen. It is simple, and not subject to the 
variations of soitu' of tin' former tests.- ® 

Explosion Test is recpiired by the Ordnance Department, but 
can be I'cgarded as but a|)pi'Oximate nr as diffei’cntiating between a 
vei'y good or very bad powder. A small sample of the explosive, 
usually 0.1 0.2 gm., is jdaced in a heavy test tube, tightly stoppered 
and ])laced in a paraffin bath at 100°. The bath is continuaily .stirred 
and the heat so regulated that the tempeialuro increases 5° pel' 

1. HUB, 2."., .I-IO; .1. Fawk, Inst., OKB, l.t.'), Kil. 

2. Hci'ginaiin and .lunk (J.S.C.I., OKU, 2;i, IkVO liavr dcscrilioil .a tot, for Btaliilify, 
from winch tlicy deduce that u slahlc guncotton does not ovolvc more than 2..j cc. 
NO ))ci gni. on being heated to ll!2“ lor tjvo hours, and a stable collodion cnilon 
iinl more than 2 re. .\lsn that the percentage snluhility of a nitrocellulose in 
clhcr-ah'olinl in('rca.scs by licaling to 11)2“. 

t). Mcrcniic chloridi' interferes with these heal tests, aivd, as has ticcn sliown 
l>y .!. Moir (J. Chen). .Met. aiul Min. Soc. S. -M'rica, lt)07, 8, No. 7) is frcmicnOy 
aihlcd 1.0 wet collodion cotton, o.stcn.sil)lY to prevent its livcoming molify, imt 
sonicliincs also to itndvc it [tass tlic official iicat test, even when it. is really defective. 
Oiilinary t('.sts for mercury ftril becanse, mcrenric clrloridc cannot be extuicted 
(except 'Ily volatilization) owing t.o its uHinity for organic matter. The aull)Ot 
hits devised the two following simple prrx'csses: (o) Comhinnl.iim of [lorgrmi'cs 
iintl h'uwv'ts mrlhiiil ii'ilk E. .1. Mann'ii method. Tire moist gnneotton, along with 
)i piece of (ignited) silver foil is placed in a Task iniiiicr,s(‘d in boiling water, and 
ail' is aspimt.eu tlirongli il, and Ihcii through hulbs eontaiiiiiig '2% sulphuric ticid. 
\f1er two hours nny mercuric chloride which has escaped the silver boeomes ilp|)osit.ed 
thereon by using llie foil as anode in electrolyzing tbc dilute sulphuric .aciil frniii 
the bnibs (two lioiii's witli alKiiit t volts required). Tlie foil is dried and tlic deposit 
sulilitiied on to a mieroseopic slide, as in the other metluwls. [h) Coneer.sion inU 
ttoh-voiniile coiUjMittid.— 'Ww cotton is ('xtraefod with liot very weak potassiun 
iodide solution, and the extract (eontuining iv,HgI,) eoncentratod to a .small hull, 
and eleet.rolyzi'd. Iodine -separates on tlie platinnni hasiti used as cathoile, and 
tlie whole of the mercury eolleets on the gold or silver foil anode after two or three 
hours, and is worked iqi as above. The latter metliiKl is the i]uiekest and most 
sensitive tlie author has as yet tried, and has the advantage of absence, of all daligei 
of exjilosion. For ineUiod of eleteelion of mereiiry in explosives see (1. W, Fatterson 
Seventh lot. Congr. .'Vpp. Chem., Lnndnn, ItlOli; abst. J.S.Cd., IttUl), 2S, 717. ii 
wliieli simplified methods of jireparation for siieetroseopic te.sts are de.serilied 
Two gm. samples arc di.ssolved in organic solvents and electrolyzed directly in lh< 
solvent, or, when only partly .soluble, extracted liy siieli sohents, and the, resiilni 
treated with nitric acid to destroy all organic material, the residue lieiiig extraetoi 
with water and electrolyzed, ^ielallie raereiiry is detected by the modilied o: 
second methisl. Tlie metluKl is also applicable for separation for <|uantitat.iv( 
deterniinalions. The method is accurate to O.OOOOOl gm. of mercury, but fail; 
with less than 0.0000001 gm. of mercury. 
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minute. The temperature at which the sample explode.s is noted, 
wliich is the result sought.* 

Will’s Stability Test.^ A 2.5 gm. sample of cellulose nitrate 
is packed in a dccomj)ositiou tube 15 mm. wide and 10 cm. high, 
and heated by an oil bath to 135°, the oxides produced by decomposi¬ 
tion of the nitrate being passed over ignited copper, where they are 
reduced, and the nitrogen retained in the measuring tubes.^ The air 
in the apparatus (Fig. 310) is first entirely displaced by a strciam of 
COa, from a generator^ or gas holder, the gas being purified by passing 
through scrubbers. The stream of gas is maintained during the whole 
of the operation, being absorbed at the end of the system by solu¬ 
tion in KOH.® The pressure and rate of flow of ga.s must bo very 
carefully measured, and thi.s is arrived at by counting with a stop¬ 
watch the number of bubbles of gas per minute which bubble through 
an interposed wash botth; of sulphuric acid.® The ))reheating worm 
in connection with the decomposition tube, is of the thinnest hydrom- 

1. A. Sy (J.A.US., 1U03, 25, 553) states the standards establLshcd by the* Ord¬ 
nance Department for this test to be as follow.s; A good nitrocdliilose should 
not explo<io under 1S0“, that of a nilroorllulose powd.cr under 177“, and a nitro- 
glycerol powiler under 170°. Variations in results may be caused by differences 
in manipulation of the test, especially in the speed with which the temperature! 
is raised. Greater differences between the explosion points are obtaineil when the 
temperature is rais<!d only 1° instead of 5° i)er minute. 

2. W. Will, Mitt. a. d. tjcntrahlstcllc f. Wissench. Tech. Enters. Nuo-Babelsberg, 
1002, (2), 6; J.S.C;.I,, 1001, 20, 000, 032; 1002, 21, 1400, 1554; Z. ang. Chem., 
1001, 14 , 743; aslo Kismicn.sky, Mem. des Poiidres SalpeI.res, 1 !{, '247. 

3. The principle of this test depends upon the regularity with which a cellulose 
nitrate is decomposed under conditions which permit of thi! removal and estimation 
of the products of decomposition, especially the nitrogen. The temperature, of 
135° is employed, the ester being kept in a constantly changing atmosphere of 
carbon dioxide, he.atcd to the same, temperature. The oxitles of nitrogen formed 
are passed over red-hot copjier, whore they are reduced to nitrogen, and finally 
the rate of evolution of nitrogen i.s measured. .Recording to Will, the best eriterion 
of a stalile cellulose nitr.ate is that it shall evolve at high t(!mperatures «iual iiuan- 
tities of nitrogen in equal periods of time. Eor the accunvey of this test, it is 
essential that the material shoulii be purified to the limit, so that, continued washing 
produces no further spei-d in decomposition when tested by his method. 

4. Objection has been rauseil to the use of compres.sed CM), in .steel cylinders 
from the danger of the presence of varying amounts of air present,, the nitrogen 
present in which would lead to fictitious re,.suit.s. It has bi'en found, liowever, 
that it is quite possible to produce, this ga.s commercially with a.s little as d.Ol'!/;, 
air present—an entirely negligible qusuitity. Estimations of air present in a cyliniler 
of this gas show that even when the CO, is nearly exhausted the residual gas 
contains but a very small amount of air, insufficient to influence the accuracy 
of the determination. A micrometer screw attacheii to the main valve of the 
cylinder is useful for governing the rate of flow of gas. A blank experiment i.s 
usually made to determine the amount of air in the CO,, and correction made m 
the final readings. 

5. To guard against the possibility of explosion, the decomposition tube and 
oil bath are encased in strong iron amt glass walls. 

6 . A mercury manometer is conn(!Cted here and is useful in detecting possible 
leaks in the apparatus. If the flow of gas be too rapid, it does not become, suffi¬ 
ciently preheated in the glass spiral, and if too slow then! is too rapid decomposi¬ 
tion of the ester by the nitrogen oxides evolved, which are not removed. 
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eter stem tubing, the ground-in exit tube being kept in position by a 
small screw clamp with trunnion bearings. 

To permit of duplicate experiments-being made at the same time, 
the bath is adapted for two decomposition tubes. The bath itself 
is filled with high-flashing lubricating oil and fitted with a lid with 
two circular openings for the spiral tubes. This is surrounded by 
an asbestos-covered envedope, in the interior of which circulate the 
products of combustion of the numerous gas jets used.^ The reduc¬ 
tion tube, which is of copper, consists of an outer tube and an inner, 
the latter reaching nearly to the bottom of the former.^ A nitrogen- 



Fin. 310.—Will’s Apparatus for Testing Nitrocelluloso as Modified by Robertson. 


measuring apparatus with zigzag tube is used, having been found 
more economical in potash.^ The results arc best (sxpressed by plotting 
on co-ordinate paper, letting the time in hours and the milligrams 
of nitrogen he tin; two factors. When tin* sijccd of carbon dioxide 
is about 1,000 ee. ))er hour, a line of nitrogen evolution is obtained 
which is curved and forms a satisfactory representation of the inherent 

1. The stirrer, operated by a water motor, or electrically, has a series of helical 
blades, curved to thoroughly mix the oil. Hy this meati.s great constancy of tem¬ 
perature is maintained. The bath should also l>e ci|uippcd with a temperature 
regulator and delicate thermometer. 

2. Into the inner tube is placed a spiral of reduced copper gauze, and in the 
annular space between the tubes a nsluced copper .spiral is tiglitly packed. The 
bottom of the inlet tube dips into a layer of copper oxiile asbestos, on top of which 
is a layer of reduced copper asbestos. Through an India-rubber cork a gla.ss tulx; is 
inserted, through which the (’O, and N passes out of the reduction tube. As that 
part of the tulx; containing the spirals is heated to redness, the water jackets which 
are provided on both outer and inner tubes, protects the India-rublicr stopper. 

3. The readings may be more conveniently taken by counterl)alancmg the 
column of potash solution and reading off the volume of gas at atmospheric pres¬ 
sure. To do this, momentarily close the tap directly in front of the measuring 
tube, which docs not interfere with the progress of the test. The air correction is 
subtracted from each re.ading, and the remainder brought to the weight of nitrogen 
by the usual methods of calculation; 
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instability of tho niiUorial.' The st('i‘])n{'ss of the, curvo foi'ined 
by thus plottiiif; tho results is an iiulioatioii of th(^ stability of tlic ester 
under examination. The steeper oi' more id)rupt the (uirve, tlie more 
nitrogen is evolved in a given unit of lime, and tla^ less Ihe stability,- 

The Quttniann Stability Test.^ Consists in employing filter 
paper wetted with a solution of diplienyhuuine'* in sulphuric acid,'’’ 
the test being applied in the following manner: 1.5 gm. of the cellu¬ 
lose nitrate is placed in the regulation size, and form of U'st tula'. 
Strips of well-washed filter ])apei', 25 mm. wide, are hung on a liookeil 
ghuss rod in the tube. A droi) of the diphejiylaniine solution is taken 
up by means of a clean glass rod, and th(' ujipei' corners of the fill.er 
])aper ai’e touched with it, in such a manner that when the drops 
run together, about a fourth of the Ulter j)aper is moistened. This 
is tin'll jiut into the test tube, and this again into Ihe water batli, 
u’hich has been lu'ated to 7()‘\ 'I’he heat-test reaction should not. 
appi'ar in los.s than fifti'en minutes, and will begin by the moist, jiart 
of the pajier aecpiifing a greenish-vellow color, and from this nuiinent. 
the. pajier should be cari'fully watelu'd.® .\fter one oi' two minutes 

1. Wilt rcconirnends a spcoil of cc. per hiMir, lull it has been fiiiiinl lliiil 
when tho evolution of gas is slower, .slight iliflercnces become more n[iparent, and 
relationships are evident which wonlil he obscured by the greater gas cvolulion 

2. Several hours are recpiired to conijiletely eliminate the air from the appa¬ 
ratus. The fifteen minutes stated by Will has bei n found insniheient. Readings 
are cornmenoed thirty minutes from the eommeneement of heating the cellulose 
nitrate,and are continued at fifteen-minute intervals for a further period of four 
hours. Kresh caustic potash solution is addeil every half hour or so. When 
unstaiile eaters arc heated under the conditions of this experiment, Ihe si'paralion of 
nitrogen is much greater at the cotnmenceineni of Ihe operation than later. If the 
product 1 k' very un.stable, explosion is liable to ensue. cellulose nitrate is regarded 
as “normal” (satisfactory) when the nitrogen .separation is uioform throughout 
the proce.ss. If the absolute amount of nitrogen separated is to be determim'd, 
the ester must lie accurately weigheil; the air in the CO, carefully I'slimated, ami 
the reduction of all gas volumes to tl“ and 7t)l) mm. pressure be made. See also 
(J. W. Patterson, “Stability Tests of Smokeless Powders,” Seventh Int. Cong. 
Appl. Chem., laindon, IttUlt. 

3. .I.S.C.b, 1SI)7, 1(1, 2S,S; Z. ang. Chem., 1S1)7, 23:1. 

4. 0. Spica (Revista, .Vug., 1S07) proposes to impregnate the papt'r with 
m-phcnyleuediamira' hydrochhu'ide anil catu'-sugar, Init as the reagent is noa-h 
more sensitive than jiotassiurn iodide anil starch, it has not. been mine e.xteiisively 
used; the author is unaware of the delicate nitric acid reagent i).l()-monoo.\y- 
phenanthrylamine {X. Schmidt and 11. Lumpp, Her, I'llO, 4!!, 7111) having 
as yet been tried in this connection. See ,). .Strauss, Proc. C. S. .\av. Inst., lUlll, 
:iB,‘(i2<). 

.'>. 0.11) gm. diphenylamine cry.st.als are placed in a w'ide-neeked flask, stoppered, 
with .'ll) cc. dilute sulphuric acid (10 cc. acid, 40 cc. water) and placed on a water 
bath at 50 5,5°. This temperature will cause the diphenylanune to melt and at 
once pass into solution in the sulphuric acid. The flask is then removed, shaken, 
cooled, 50 cc. conccntrat.ed glycerol .added, and the finished reagent kc|)t in the 
dark. 

0. This test has been adopted by the Relgian military authorities, and is used 
elsewhere, but Thomas (Zeit. ang. Chem., bSOS, 1027), .\spinwall (.I.S.C.I., 1002, 
21, l)S7) and Spica (Revi,sta, Aug., ISOO) have found it nnsatisfactory. F. Nathan 
(•I.S.C.I., 1001, 20, 10) finds the test fails when testing volatile explosives such as 
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a dark-blue, mark may stuldeiily appear oti the (UvidiriK liiu; between 
wet and dry papc'r, wliieli is the point whieh is to be looked ford 
Bergmann and Junk Test, whieh, although, like the Will test, is 
quantitative, docs not re(]uire such elaborate or costly apparatus. In 
this tcst,2 whieh has been !idoj)ted by the Prussian military author¬ 
ities, the cellulose nitrate is heated in a glass tub(! at 132° and the 
nitrous gases absorbed in water, being estimated at the end of the 
operation by the Schultzc-Tiemauri method.'* The heating bath is 

nitroglyccroi, tiie laltcr I'oing dcconifsjsod h.y the sulphuric acid on tiic paper. 
Iloitsema (Zcil. ang. (licin., ISSh, 705) licats llu; explosive at a constant tem¬ 
perature for fifteen niiniites, and then aspirates the volatile products of decomposi¬ 
tion bv means of a current of carbon dioxide, through glass wool moistened with 
(hitt.mann’s diphenylaminc soliilion. This operation is repeated, lowering the 
temperal.urc each time by 111°, until a temperature is reached at which no volatile 
dccomj)osition produc-ts conic over which give a color reaction with diphenylaminc, 
this being taken a.s the iioint at which deeoropo.sition cea-ses. This test is exceed¬ 
ingly sensitive. 

1. W\ Dreger (Z. ges. Schiess- mid SprengstolTw., lllOi), 4, 123) determines 
diphenylaminc, baseil upon the fact that in alcoholic solution it reacts with bromine 
to form tctrabrotnodiphenylamhie 

((',ll5)..MI+SRi'=l(',H3Br,)jNH-f-4niir. 

This broino-derlvative is in,soluble in water, sparingly soluble in alcohol, readily solu¬ 
ble in benzene, xylene, chloroform, and ethyl acetate, esix'Cially on wanning; it melts 
at Itl'J”, and crystallizes in reddish needles having a silk.y luster. l*or the determina¬ 
tion of diplienylamine in the commercial ])roduct, the sample is dissolved in alcohol, 
or if already in ethereal solution, the ether Tiiay be driven otT by adding alcohol 
anil warming. Excess ol bromine is then added, drop by drop, with constant 
stirring. The solution is next niixisi with twice its volume of water and the whole 
boiled until the alcohol and excess of bromine are driven off and the bulk is reduced 
to .one-iialf-constant stiiTing is ni'cdful. The prccipiiate uf tetrabromodi- 
iihcnylaminc is Iraiisfcm-d to a funnel, or (looch ctucible, connected to a wafer 
pninp, and waslu'd witli warm water to remove tlic last traces of alcohol and bromini- 
and liihtly dried at ttS KIlP until of constant weight. Smaller (pianlilies may 
be esliinated by evaiioraling to dryne.ss in a previously weighed glass vessel, If 
it be (lesii-eil to' determine the dipheiiylamiiie contained in gelatinized nitrocotlon, 
the nitro-compound is gradually ileeompo.sed by means of .soda l.ve in a cai.iacious 
flask. The lla.sk is closed by a doubly perforated stopper fitted with a sloppered 
funnel, and a bent tulx' attached to a condenser, wliicli eornmunieates with a suit- 
aide receiver. 'I'be free diplienylamine and any camphor tluit may be pre.sent 
are carried into the i-eeeiver wliieli eonlains ether. The di.stillate is wcdl shaken 
with common salt; the ether completely dissolves the diplienylamine and any 
camphor and the delerminalion is then completed as before indicated. 

■2. Zeit ang. Cliem., llKIt, 17, ItS'd; abst. .I.S.C.L, 11)01, 23, 053, 

3, 1’. Olx'rmuller (Herb Bezirksveroin des Ver. deutsch Clicm., Oct. 11, 1004) 
has shown that although the Bergmann and .Tuiik method gives excidlent results 
ill delermining the stability of nilroeellulose, it is too complicated and time-eon- 
siiming to be of service in ‘contndling tlie priwess of manufacture. OlsTmuller’s 
method consists in lieiiting the nilrocellulosi.' !n ivictw at the coii.slant temperature 
of 140“, and eonlimiously measuring by means of a mercury manometer, the 
pressure exerted by the iwidved ga.ses, the latter being mahilained at eonslant 
volume The rate iit wliieli 1 be jiressure iiicrea,sos is a measure of t lie rate of decom¬ 
position of the nitrocellulosi'. For the li. f’leus improvement of this test, see Z. 
ges Schicss- SprengstofTw., IIIIO, 5, 121. See also ('horn, Alist., lOOS, 2, 1014, lOKi, 
■20.50 In the Hess test (Mitlh. tiegenst. d. .•\rtill. (leniewesens, 1S71I, 345; Dingl. 
I'oly., 234, 43) nit roeellulose is heated in a tube to 70° ami by moiuis of a current 
of air the yidatih’ decomposition ]»roducts are aspirate 1 into a dilute potassium 
iodide starch sidution. l''i\e determinations luc made, i.e., four colorimetric_. 



978 


NITROCELLULOSE INDUSTRY 


a rectangiiliir copjx!!' ve.ssel S.iXlO cm. and 2.") cm. high, containing 
10 tubes oacli 20 cm. long let into it to take the gla.s.s tubes. The 
boiling is carried out in heavy, thick-walled tubes 3d cm. long and 
2 cm. intei'nal diameter, a hollow glass stopper surmounted by an 
absorption apparatus being ground into the neck. The heating 
bath cari'ies a bath to indicate the tempei’ature, i.soani}'! alcohol 
being the liquid used in maintaiiung tbe constant temperatiire.* 
The guncotton is first dried in a bath at 50° in a good current of dry 
air. The sample is then passed thiough a sieve and the drying con¬ 
tinued in a desiccator over sulphuric acid until it contains not over 
1% moisture. About 2 gin. arc weighed out, introduced into the 
apparatus, any adhering particles being brushed down with a feather 
or camclshair brush. The glass stopper is then inserted, the beaker 
half-filled with water, the glass tube being introduced into one of the 
holes in the bath, the ti'iniierature of tlu' latter being at 132°. Heat¬ 
ing is continued for two hours, after which the tube is removed from the 
bath. As the tube cools and the air contracts, water is drawn frum 
the beaker onto the cotton. The>absor[)tion apparatu.s is washed out 
into the l-ube, the volume being made up to theoO cc. mark indicated 
on the tube. The liijuid is then filtered, an aliiiuot portion (usually 
25 ec.) of the filtrate takem, 1 cc. ^72 pota.ssium iierinanganate solu¬ 
tion added to oxidize nitrous to nitric acid, and the niti'ogcn tlien 
estimated as above stated. A satisfactory guncotton should not 
yield over 2.50 cc. nitric oxide per gm. of original sample in two houns’ 
heating and a stable “ collodion cotton ” not more tlnin 2 cc. The 
I'esults agrt'c fairlj' well with the Will test. It has been noted that 
heating the guncotton to 132° incrca.scs the percentage solubility of 
the nitrocellulose in ether-alcohol. 

Waltham Abbey Silvered Vessel Test has been designed to 
indlate actual conditions of powder .stor.age, and ha.s been adopted by 
the Bi'itish War Department, especially for the examination of cor¬ 
dite which has given a low heat test, and which has been manufactured 

rcafling.s of the .starch-iodide solution, and the time rcfiuiicd for coml)iisti()n of the 
sample. It is claimed that, the starch-iodide .solution is unduly .sensitive and may 
indicate decomposition which in ix'.'Uity iloe.s not show instability. In the Tliorna.s 
Ic.st (Zeit. ang. (them., IStiS, 1027) the sample is healed for eight hours daily in 
a glass-stoppcred tube, the time when the sample fumes laung noted. Satisfactory 
nitroglyccrol powder should stand four days heating at !)5“, and a good nitro¬ 
cellulose or nitrocellulose powder should not develop brown fumes (NjD,) Ix'forc 
three days’ heating of eight hours c.ach, temperature 100°. Sy (he.) observes 
that the temperatures are too low to produce a sufliciently pronounced decomposi¬ 
tion to admit of a close determination of the appearance of brown fumes, while 
varying amounts of moisture and incompletely eliminated solvents give different 
prcs,sure3 in the clo.sed tulxis, which pressure affects decomposition. 

1. The originally dcscrilicd process proviiles for an elaborate wooden cupboard 
to hold the apparatus, so that in event of an explosion the effects might bo confined 
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for a considerablo period. It is applied ordy when the heat test at 
71° is between four and eight minutes.* 

The sample is ground as fine as for the heat tost, from 40-50 gm. 
l)eing placed in a glass vessel surrounded with a vacuum jacket, sil¬ 
vered in order to minimize the lo.ss of heat. A long tube is fused 
in the neck of the vessel and at light angles to it, in order to better 
observe the appearance of any red fumes as soon as liberated, a ther¬ 
mometer pa.ssing through the neck and being imbedded in the sample 
of powder. The vessels arc placi'd in a tla-rmostat at 80°, ±0.1°. 
After some time red fumes are obsei'vcd in the side tube, the tem¬ 
perature of the cordite begins to rise as indicated by the thei'mometer 
imlxKldod in it, the time being noted for the first rise of 2°. When 
first manufactured, a satisfactory cordite will stand this test from 
500 to (iOO hours, the explosive being consid(!red unserviceable, and is 
destroyed, when the test falls below 200 hours.^ 

The Abel Heat Test,'* as jirescribed by the British Home Office, 
differa in many essential particulars from the method directed by the 
T. B. Ordnance Uepartmeut. The test reciuircs* a spherical copper 
watf'r liath of about S in. diameter with an aperture of about 5 in. 
fittf'd with a loose copper lid about (i in. in diameter, this resting on 
a lii'ipod 14 in. high. The whole is surroumied by a thin sheet-copper 
screen, being heated from underneath by means of an Argand gas 
burner or Berzelius spirit lamp with cojiper chimney. The water- 
bath lid is pierced with 7 holes, one to receive a thermoiueter ° and 
the I'emaining 0 holes for test tubes containing the material to 
be tested.'* A potassium ioilitle-stareli paper ^ and a .standard 

1 . ('onipli'lc (lireclii)n.s for pcrforminR tins test may be found in “ Ilesula- 
fions for Army Grdnance Service " Wyman iV Sons, I'uldistwrs, lUOS, II, 162-167. 

2. On aceoimf. of Ibe large volume of explosive operated upon, it i.s discreet 
to carry out the test in a special building removal from other .structure.s. The 
temperature of the hath may l)e kciil comstant- by boiling a mixture of water and 
inetliylated .spirit, or Ix'iizol, or by meams of a regulator .such a.s the Lowry. 

.1. ]''or significance of Abel Heat Test, see Rolwrtson and Smart, J.S.C.L, 1010, 

2i>, i:!0. 

4. For illust,rations of apparatus used in this test, see Appendix VI, Regulations 
for English Ordnance Service, part 2, repnxlucwl in .rtlen Oonunl. Organic Analysis, 
1010 , :t, 506. 

а. 'I'he thermometer shoidd have a range of 1-100°, the temperature of the 
water hath Iwing controlled hy a Page (.LftS., 1.S76, 10 , 24) or Schcibicr regulator. 

б . The test: tulrcs art' from ,'>.26 5.5 in. long and of such diameter that they 
will hold ‘20- 22 cc water when fillet! to a height of 5 in. India-rublter stoppera 
fit the test tulles, anil carry an arrangement for holding the test Uilies, viz., a 
narrow glass tube pattsing through the center of the stopper and terminating in 
a platinum wire hook, or a glas.s rod may l>c drawn out anil the end turned up to 
form a hook. 

7. The tost paper is pn'pareil by adding 2,")0 cc. distilled water to 3 gm. corn¬ 
starch previously washcil with cold water, the mixture Ix'ing stirreil, heateit to 
boiling, and kept at a Ixiiling temperature for fen minutes, 1 gm. potassium iixlide 
previously recrystallizcd from ethyl alcohol is dis,solvetl iir 250 cc. distilled water. 
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tint paper ^ are also specified. Th(' application.s of this test are as 
follows: 

(liincotton, Tunilc, SchtiUzc Po'wdcr, E. C. Pcnrder, etc. The sample 
is prepar(!(l hy removing from the e('nt(!r of the block or cartridge, 
by genth' scraping or rasping, and if necessary, further rediKung to 
powder by rubbing through the fingers or a sieve with a clean, stiff 
lu'i.stle brush. The fine powder thus obf,aim'd is sjiread out in a thin 
layer upon a paper tray 0X4.') in., which is jilaced upon a wire gau/.e 
in the water oven, the tcmi)ej-af.ure of which is ke))t as uniformly neai- 
to 49° as possible. The sample is allowed to remain at rest in the oven 
for fifteen minutes, the door of which is meanwhile left open. Affer 
the lai)se of fifteen minute's the tray is removed, exposed to the air 
for two hours, the sanijile tii'ing at some point within thali time rublied 
upon the ti'ay with a bmsh or ftie hand in orde'r to reduce it to a fine 
and uniform stab' of subdivision.^ In applying the test the water 
bath is first filled to within 0.2,) in. of the top, the thermomeb'r inse'rti'tl 
tlu'ough a hole on one sidi' of the wab'i'-liatli cover, to a depth of.2..') 
in. measured from the lid,'’ the wati'r being maint.'um'd at a ti'inpi'ratui'e 
of 70.7° during fin' pi'ogress of the test, tfheii fJie correct temperatui'i' 
has Ik'OU obtained, 1.3 gm. of the sample is weighed out, placed in one 
of the test tubes, and gently ])ress('d down until it occupies not moi'c 
than 1.3 in. in t,he tulie. \ t('sl-i)a])er is fastened to the hook of the 
ghws tub(', moistened by touching the upjier edge' with a drop of a 
mi.xtiire of ecjual amounts of distilled waiter and glycerol,’ the quantity 

till' I wo solutions tliorouj'lily mixed and iiliowed to cool. Strips or shi'cts of tlie 
best- Knplisii wliiK' fdtcr-j)a|)(.'r, previously wiisbed with water and redricil, arc dipjx'd 
into the solution thus prepared, allowed to ri'niain therein for at least ti'n sceoiuls, 
allowed to drain and dry in a plaee free from laboratory fumes and dust. Thi' 
upper and lower marpins of the paper are cut off and ilisearded, tlie other portion 
of the paper Is'lnp pre.served hi well-.stoppered or corked botth'.s, in the <lark. Th,' 
after-preiiaralion, the papers are kojit in the dark at lea.st a month iK'fore use. 
If carf'fully pri'.served, the papers should remain unimpain'd in sensilivene.ss for 
a .year, hut .stiould Ix' te.sti'd at frei|ueut hifervals by t.ouobiiip a pafier witli a drop 
of" '2')% ai|ue(ms acetic aciil, which should pive no coloration. .\s the patier 
(h'tcriorates, a drop of the acetic acid produces a brown or blui.sh coloration, when 
they slmuld lx- discarded. The papers are aliout 0.4 XO.S in. in size. 

Tlio stamlard lint paper is jirepari'd liy dilnlitip caramel witli water to sncli 
an extent tliat wlien further diluted 100 times tlie tint prixluced matches tliat 
from Ni'sslcr’s mapent in 100 ce. wafer coirtaininp O.OOOgO.'i pm. ammoninm ciiloride. 
Witli tills caraniel sointinn lines arc drawn nn .strips (if well-washed lilli'r-pa|x'r 
with a iinill pen, tlie jiaixT lieinp cut into strips .same size as tlic test paper deserilx'd 
in tlie provinus note after dryinp. Only tliose stri|)s am used in wliich llx' brown 
line has a lireadtli of from 0.5-1.0 mm. Tliis paper .sliould lie protected llie sarix' 
as the hxlide pa[X!r. 

2. The Englisii War Department metliod differs from this in that it is .specified 
that the puiicotlon sliall Ixi exposed to the air tor four liours after drying. 

2. The specifications of the British War Department difler in directing tliat tin' 
t.liermome,ter and tulie Ix' immersed in the water to a deptli of 2..I in., the Home 
Office directing that tlie 2..'> in. .shall lx> measured from tlie cover, ,so that, only 
2 .2.') in actual immersion takes iilaee. 

4. The British Home Office directs to apply the a(iueous glycerol mixture to 
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of li(juicl used being only suffieient to moisten the upper half of the 
pajjer. The (T)i'k to which the I'od and ]iaper is attached in then 
inserted into the tube, and the lattei' phuted into the bath to a depth 
of 2.5 in., measured from the cover. The test-paper is fir.st placed 
near the t.o]) of the tube, but not touching the cork, until after the tul)e 
has be('n immersed five minutes. A ring of moisture will by tins time 
have deposited upon the side.s of the test tube, slightly above the 
covi'r of the l)ath. WIk'u this appears, the glass rod is then lowered 
until the lower margin of the moistened portion of the paper is on a 
level with the ring of moisture in the tube. The paper is closely 
observed, and when a brown line ap])earK at the line of demarcation 
bet \veen the moist and dry portions of the, paper, which is equal in 
intcuisily to the line on-the standard lint-paper, the time is observed 
and lh(' h'st is comidele. S])orling powders, like Schultsje and E. C., 
which contain a large j)i'oportion of non-gehitini«ed cellulose nitrate, 
are iirejiared and tested as described above. 

Coriliti', UnlUxtiU', and similar pai'tially or wholly gelatinized prep¬ 
arations, ai’e tested as follows: If the sample is in the form of small 
llake.'j or grains, as in the U. S. .30-<'alib('r, and other shoulder-arm 
])owdi'i's. ].(> gm. are widghed out into a test tube, but if, as in the 
case of cordite and largei' caliber powders, the grains arc larger, 
they must first be bi'oken u]) and gi’cnind. from each of the pieces 
s('lecl-ed foi' the test, [lieces ()..") in. long ai'c cut, and in the larger 
sizes the ])ieces further subdivided. The cut pieces arc then passed 
througli the mill, the first- portion rejected on account of jmssible 
presence of iron or otlier e.vti'aneous matter. The ground portion is 
then jilaced on the top sieve of the nest and sifted, the portion which 
losses through t-he toj) si(‘ve, but is intercepted by the second, is 
taken for t-he test.* 'riie English Home Office Instructions for apply¬ 
ing till' test are as follows; The f,bermometer is so adjusted in the 
water hath as to be in.serted into the water 2.75 in. below the 
watei’-bath lid, the waiter bidng maintained at the unifoim tempei-ature 

llic ap]icr citgc of the test p.'iper liy means of a camolsliair lini.sli, wliilc the War 
])(']>artincnt uses a glass ishI forming a continualion of th(' stopper of a gla.ss-s(.op- 
pered liotlle, Wtiile tliese variations may soiun trivial, yet- in a te.st of sueli ilelieacy 
Iliey may in’oduce appri'cialile variations. It is evident that- uniformity of manipu¬ 
lation is the first- r(-<iuisite t,u satisfactory eomparativc work. 

1. Tf tile uitriKS'lliilost' is too Iiard for tlie mitt, it may tie softened by exposure 
to acetone \apor, ur reduced to tlie rei|uirt‘d fiueno-ss liy mean-s of a coarse ra.sp. 
If the acetone vapor renders the sample Ion soft, it may he restored to the desired 
degiee of liardiiess liy .simple elimination of solvent liy exposure to tlic air. The 
siftcil material sliould always tx' dried at not to c-vceed 01°, where the volatile 
matter in the sample exceeds n..'i%. Explosives consisting of Ixith gelatinized 
and ungelatinized nitroeelluluse may lie reduced to powder tiy first softening witli 
etIie.r-aicoliol vapor at about S,5°, or usually more easily by t.lie use of a coarse 
rasp. Sec W. Cullen, .I.S.C.J., 11)01, 20, S. 
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of 82.2°. An iodido papei is attached to tho hook on the glass rod, 
HO that when inserted in the tube it will be in a vci'tical position, being 
moistened with .50% gl 3 'cerol as previously described. The cork 
with the rod and test-paper attaclied is inserted into the tube, and the 
position of the paper so adjusted that its lower edge is about half 
way down the tube, tho latter being then inserted through one of 
tho holes in the cover of the water-bath to su(di a depth that tho 
!ow(^st portion of the moistened paper is about O.G in. above the sur¬ 
face of the cover. When a faint bi'own tint, eriual in inteiusity to tho 
brown line drawn on the standai’d paper, makes its appearamai at tho 
line betw('(!n the wet and dry portions of the test paper, the test is 
complete. With cordite, the English Home Ilegulations s])ccify that 
the time between the insertion of the t(;st tube into the bath at 82.2° 
and the (arraphdion of the test must not be less than fifteen minutes, 
and no new cordite is accepted by the War Department from con- 
trard.ors unk'ss it meets tlu'se rerpiircinents.' 

The Firing Point of Explosives majf be determined by the 
method of Horsley, who.so apirai'atus consists of an ii’on stand with 
ring support, containing a hemispherical paraffin bath. Above this 
is another movable supjiort fi'om which a therinometc'r may be sus¬ 
pended to determiiu! the temperature of tlie bath. The thermometer 
is adjusted so the bulb is entirely iinmensed in the inoltrm hydrocarbon. 
A thin-walled cartridge case in. high and J in. diameter, is .sus¬ 
pended on a triangle over the bath,.so that tho coiiper case is iminersed 
in tho pai’allin for a de])th of precisely 1 in. The temperature is 
(luickly raised, after a minute amount of the sample to be tested has 
tieen ])laced in the bottom of the partially immersed cartridge case, 
and the temperature at which the sample flashes is taken as the firing 
point. I’rofessor Eharles E. Miinroe of the E. S. Torpedo Station 
has determined the firing point of th(> following nitrocellulose-rani- 


taining c-'^plosivTs bj^ this method: 

Compressed military guncotton, sp.gr. 1.5. 20.'5-20.5° 

Air-dried guncotton, stoi'cd four j'cars. 11)2-201 

Same, .stored one year. 187-189 

Air-dried collodion cotton three 3 'eai’H old (from 

“ Red Island Cotton ’’) .180-191 

Air-dried collodion, stored wet three; years .... 197-199 
Hydronitroccllulose. 201-21.3 


1. No new cordite is accepted by the War Department, from contractons which 
does not satisfactorily stand a heat test of thirty minutes, at .82.2°, although the 
test is carried out with les.s sensitive pajx!r.s than tho.se pre.scril)ed l)y the Home 
Office. Cordite already issue;! to the service is tested at 71.1°, it Ixjing considered 
serviceable if it stands the test for eight or more minutes, and unserviceable if 
Ijclow eight minutes, nml mort; than four minutes. 
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Jf hif!;!! teinporatun's iivc to l)e tiikrn, the paraffin in tlio liatli may be 
n'plaeed by Jtose’s rtK'tal or oth(‘i- low-fuKing alloy. 

MoiduTr. J’. Dupj'e ' has desen-ihed a method of determining 
moisture, (‘speeially applicable to eordlte and colloids containing 
volatile matters otlu'r than watr'r. The water is estimated by mca.sur- 
ing the amount of acelylene given oil when it is allowed to act on 
calcium caibiile. From 1 to 2.r) gm. of cordite, ground as for anal 3 '.sia, 
is weighed out in a tube of about 1 cm. diameter and about 12 cm. 
long. It is covered with a laj’cr of sand, and calcium carbide filled 
in to a depth of about o cm., the sand being u.sed to prevent the cord¬ 
ite from coming into contact with the calcium carbide. The tube 
is llien connected with a nitrometer containing a saturated solution 
of common salt, and the ajiparatus adju.sted to zero with the tube 
brought to a known temperature by immersion in cold water. It 
is ne\t. immersed in a water bath at a temperatun' of 100“ to a depth 
of 7~S cm., and the heating continued until no further evolution of 
gas is obsei'vi'd. The tube is thim brought back to its original tem- 
jH'rature, and the volume of acetyleiu' mea.sured, and corrected for 
temperatui'(‘ ami pi’essure. Owing to the fact that the lime which is 
I'ormeil retains a certain amount of moisture at 100°, it was found 
that 1 cc. of acelrvlene eorri'sponds to 0.001725 gm. of water instead 
of 0.00102 gm. as given by calculation. 

E.vplosivc Gelatin, Gelatin Dynamite, etc., 50 grains (3.21 
gm ) of the sample of explosive gelatin under e.xamination is intimately 
incorjiorated with 100 grains (0.l.S gm.) of French chalk, using a 
wooden mort.ar and jx'.stle.- .\ standard test-tube is then filled with 
the sample in small ]iortions, ,so that when the tube is gently tapped 
on a table to eomiiaet the material, it will have settled to a depth of 
1.75 in. The Iieat test is eonducted by bringing the water-bath 
eontents to a temperature of 71.1°, the thermometer being imnier.sod 
in the »atcr-bath licpiid for a depth of 2.75 in., the temperature of 
the hath being maintained within 0.7° of the .standard temperature. 
.\ jriece of iodide test pajx'r is takim ami a hole made in it opposite 
the middle of one end and about 0.2 in. from the edge. The test 
|)a|)<‘r is then iu.serted on the glass or platinum hook, so that the paper 
will stand up stiffly when the paper is jtlatied in the tube. droj) 
of the a(pieous standard glycerol solution is touched to the paper 
as ex])lained jirevioush’, letiving -a distinct line about htdf way up. 

1. .\nal., 1!HW, til, glU. 

2. The f’rciieli clialk must he of );ikh1 commercial quality, free from grit, thor- 
otiglily washeil ill ilistilled water, ilrieil thoroughly anil prest'rved in an accurately 
ground glass-stoppered bottle, iil'i.er liaving lieen placed under a hell jar until it 
has ahsorhed about 0.5% moisture. 
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The test tube is then insertt'cl in the bath, and the paper so adjusted 
in tlie tube tluit tlie line between the dry and wotted portion 
is about ^ in. above the upper surfa<‘e of the rover. The line ol 
deinareation between wet and dry paper is carefully watched, the 
first appearance of a bi’own line at this point noted, and the t.inu! (da|)s- 
inj; between insertion of the sample in the bath and the developimmt 
of the faint brown color taken as the heat teinpeT-alure. The nitro- 
nlvcerol in the sample under examination is not considered ‘‘ thor¬ 
oughly purifi('d ” unless at least fifteen minutes elapses before the 
apijearance of the brown color, the averagf' of all Lhc^ records of the 
several tubes being taken, if duiilicates are run. In addition to the 
heat test, a liquefaction and exudation test is requii-ed of niti'ocellu- 
lose-nitroglycerol combinations as follows; 

Liquefaction Test of Explosive Gelatin. A cylinder of length 
I'lpial to its diameter is cut from the carli'idge 1o be tested, jjlaced on 
a clean filter ])aper and fastened to a lex’cl board by a pin passing 
vertically through its center, the ends of the saniph' being cut flat. 
In this condition the sample is to be exposed for 111 conseciillve 
hours to a temperature ranging from S") ‘)()° t'., at the end ol which 
time the cylinder should not diminish over one-fourth in height, ami 
t-he upper cut surface must pre.serve a flatness and sharpness of the 
edge. 

Exudation Test. There shall be no sejairation of a sub,stiince 
of less consistency tlian the bulk of the remaining i)art under any 
conditions of transport, storage, or usage, nor when the matei'ial has 
been subjected to three successive frcsv.ings and thawings, nor when 
subjected to the above described Ihpiefaction test. 
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CELLULOSE ACETATES‘ 


The inflammability and cxplo.sivcnes.s of the cellulose nitratei 
together with the variety and value of the (commercial products i 
which they enter, have naturally directed attention to comhinatioii 
of cellulose with other acid radicals, the acetyl derivatives, as ye' 
having received the most attention. It was hoped also, that h 
the study of bodies so closely related to cellulose, the structure of th 
latter might he solved.^ This subject has recently been greatly stiir 
ulated by the insistence of certain municipalities ® upon the use of unir 
flammable films in nickelodeons and other “moving-picture shows, 
thus prac'tically compelling the use of cellulose acetate films. Froi 
the present cost of the materials used to pi'oduce these esters, it appeal 
Iirobable that in price, the cellulose acetates will never be able to su( 
cessfully compete with the corrcsiionding nitrates, and their use wi 
be restricted to those arts where their specific properties of uninflammc 
liility, resistance to mercerization, faint affinity for cotton dye-stuffi 
or low specific inductive capacity, counterbalance increased cost c 
production.'* 

Historical. The first published attempt to acetylize cellulos 
was that of Schiitzenbergei-, who in ISbl) obtained a white, friabl 
pi'o luct soluble in glacial acetic acid but insoluble in ethyl alcoh( 
or water, by acting upon cotton or filter-paper with acetic anhydrid 

1. For pcncnil articles on cclluloso acetate sec, Trav. ('him, 1891), 18, 47; 
I'apier ZtK., 1899, 24, l.'ju; .lour. Frank. Inst., 1900, l."»0, 237; Pliarin. Centralh 
1901,42, S.M; 1902, 43, .lOO; 1903, 11,(104; Master Ztg., 190.'>, 54, 81; EichenKnu 
(lest. (!hcm. Ztg.. 1907, 1 ( 1 , 182. 

2. In the hands of Cross and Bevan and others, the accto-sulphates and acet( 
henzoates (Ber., 1905, 38, IS,'ill, 3.531) on account of their ready purification 1; 
crystallization, liave hocn fruitful sources of information in attempts to elucidal 
th(' structure of the cellulose complex. 

3. The first city in the United States to pass such an ordinance was Newarl 
N. ,1., in Movember. 1909. 

4. The present ratio (1910) of the cost of the cellulose nitrates ns compare 
with the acetates is about 1 to 3. 

.5. C.R., 1869, 61, 485; Schutzenberger and Naudin, C.R., 1870, 68, 814; Zei 
ang. Chem., 1878, 5, 264. 
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in a sealed tube at 180°. Samples prepared by this method ^ gave so 
low a yield of cellulose upon saponification as to indicate that a far- 
reaching decomposition of the cellulose must have occurred. Franch- 
imont used hydrocellulose as the starting point instead of cellulose,- 
preparing the former according to the method of A. Girard,^ but with 
similar results. Miles,* repeating the work of Franchimont, placed 
sul})huric acid in the reacting mi,\ture,*' thus producing hydi'occllulose 
coincident with acetylation. Although naturalcellulose is unaffected 
by acetic anhydride at ordinary temperatures, yet where 7 parts 
(by weight) of cellulose and 0 of acetic anhydride arc heateil together 
in a sealed tube to 193°, a triacetate (C',i formula) is formed. If the 
proportion of cellulose to anhydride is increa.sed, hjwcr acetates result.^ 

1. C. Weber, (ium. Z., October, LSOi). 

Kec. trav. clam,, 1S83, 2, 211; ISil'l, 18, 472; Ber., lS7il, 12, 1201. U141; 
205'!; 1 SHI, U, 12110, 2011); t'.H., IHHO, 1)2, lOSll, 1050; Z. Skruup and 1-'. ITcrI 
(Her,, 1891), 32. 2413) found that celluhwe when cnorRcticully acctylated by acetic 
anhydride, yitdds a sul)stancc cry.-italJiziug from ethyl acetate or alcohol’in long 
needles melting at 228° and identical with that prepared by Eranchimont. 

3. C.R., 187fl, 81, 110.'’>; 1879, 88, 1322; Ann. ('him. Phys., 1881 (a), 24, 3B7, 
384; Publ. inil., 1880, 2(i, 40; Eng. Meeli., 1880, 3(1, 420. Fie prepared hydro- 
eelliilose by treating cellulose with colil suljdiuric acid, sp.gr. 1.4.'>; by the action 
of cold, moist hydrogen chloride on air-dned celhilost', and b,v healing cellulose 
with dilute acitls. Under the most favorable conditions the weight of hyilroceliu- 
lose ])rodueed was less than the weiglit of the original cellulose, the discrepancy 
lieing explained by assuming that d-glucose is simultaneously prrsluced, Init ailduees 
no evidence m support of this assumption Ixiyond the fact, that after the reaction 
the acid solution reduces Feliling’s solution. The white, friable prcsluct obtaineil 
—vvliich he calleil celltilose hydrate—was given the forhiulu (('jH,„ 05 )j.HjO, 

A. Stern (,L(!.S., l!)04, 85, 33fi) has repeated Girard’s work, was un'succes.sful 
in obtaining hydrocellulose by the first two of Girard’s methods, but the action 
of boiling 5% sulphuric acid on flax and cotton cellulose soon destroyed the tenacity 
of the fibers and converted the substance into a frialilc mass, combustion of the 
jiroduct giving figures agreeing very closely with the formula C,1I,||(),. See also 
Fenton, J.C.S: Trans., 1898, 73, 554; 18tl9, 75, 423; 1901, 79, 3fil, 807; Proc., 
1901, 17, 160. 

4. Tie found tliat where the cellulose was treated direcUy with the acetic acid 
without the presence of a condensing agent, the necessary conditions for the reac¬ 
tion were such as to almost completely disintegrate the cellulose aggregate, whereas 
by the interposition of sulphuric acid or similar dehydrating agent, a hydrocellu¬ 
lose was formed, and esterification proceeded much more smoothly. Tie was 
the first to point out that esters of widely differing solubility could Ire formed 
by a variation of the character and amount of dehydrating agent used. It thus 
appears that Franchimont was the pioneer in this held of chemistry, and opened 
the way for the vast amount of work which succeeded him. He used also sodium 
acetate and zinc chloride, but it was always noted that in pouring the products 
of reaction of the latter into water, a fluorescent solution is obtained, while the cel¬ 
lulose regenerated from acetates prepared by this method is oxidize<l by Fchling's 
solution. Skraup and Konig (Ber., 1901, 34^1115) have regarded Franchimont's 
acetate as an acetylatcd diglycose, although Marsden (Jour. Dyers and Col., 1905, 
21, 103; Farl)er Ztg., 1906, 42, 172) holds that a true acetate results. 

6. U.S.P. 733729, 1903; see F.P, 319848, 1902. 

6. By “natural ’’ is to be understood cellulose occurring in nature as distin¬ 
guished from the cellulose obtained by the reversion of viscose solutions, and the 
solutions of cellulose in ammoniacal cupric oxide, or neutralized soda-cellulose 
(mercerized cotton). 

7. Cross and Bevan, “ Cellulose,” 1895, p. 35. 
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Like cellulose nitrate, cellulose acetate is unmoldable and not plas¬ 
tic. The introduction of acetylene tetrachloride as an acetate solvent,' 
acetanilid,^ phenol or acetamid,^ and especially producing bodies of 
lower acetation which with camphor i csult in bodies of high plasticity,'* 
have opened new fields as competitors of celluloid where cost of pro¬ 
duction is of secondary consideration. The methods of manufacture 
have recently been greatly improved as regards controlling the various 
steps of acetation in order to produce bodies of satisfactory solubility 
in alcohol, ethyl acetate and the other cheaper solvents. Benzene,® 
carbon tetrachloride,'’ nitrobenzene,^ and toluene" are some of the 
diluting and inhibiting agents introduced in the acetating mixture 
in order to ke(!p down the temperature, and enable controllable prod¬ 
ucts to bo prepared. 


1. Wohl, D.n.l*. llifKifi!), L. Lcilcrcr, U.S.I’. S04i)60, E.l’. 67.51; 

1905; F.r. ;i,52S97, 1905; iihst. J.S.H.I., 1905, 24, 978 

2. W. Walker, U.S,]*. 7747111, 774714, 1904; See “ Rocoiit Development in 
the (’lieniistry of Cellulose,” Jour. Frank Inst., 1007, 104, Fil; Text, (’nl, 1907, 
20, 242. 

J. L. Lederer, U.S.P. 774007, 19l>4; A<l(lition dated Aug. 22, 1902, to F.F. 
319721, 1902; alisl. J.S.C.I., 1903, 22, r»03. 

4. See Ccllit. 

:>. 11. Mork, U.S.I*. sr>4374, 1{)07. 

0. L. Lederer, U.S.r, 902093, DOS. 

7. (’. Weber and ('. ('ross, IJ.S.l*. 027031, 1<S99; Dan. P. 2030, 2 .mS, lSt)9: 
I,ux. P. 7010, 1S9S; J*ort. P. 2809, 1|930. 1S99; I^^HS. P. Aug. 14, 1S9<S; Oet. U, 
1S9S. (’ross, Weber and FraTikcn))iirg, U.S.P. 632l)0o, 1(S99; E.P. 1S2S3, 22029, 
LS9S; (’an. P. 02188, 03101,1899. 

5. R. Strehlenert and F. Reuljold, U.S.P. 812098, 1900. The nature of their 
invention is illustrated by the following three inethoils of preparation reconunended. 

K. nimplc 1. Mercerize 100 parts of purified e()tton-wool f)y means of caustic 
soda, wash it free from alkali, and press it until it contains from about 10 20 ^^ 
of water, and then introduce it into a mixture of 400 parts of acelie anhydride, 14 
parts of coiieentratefl s\ilphunc acid, and 1,51X1 parts of benzene, and lu'at the 
whole gradually in a vessel provided with a retlux condenser to a temperature 
of 70 75° and maintain it at this temperature until a test portion of tlio [)roduct 
is c ‘mplotely soluble in cldoroform. The acetylated cot.ton-wool can be pressed 
and washed free from the acetylating liquiil and then dried. The acetylated 
cellulose so obtained is soluble in chloroform, aniline, glacial acetic acid, and hot 
nitrobenzene. 

Exaniidc 2. Heat 10 i)arts of dry cotton-wool with a mixture of 50 parts of 
acetic anhydride, 2.5 of concentrated sulphuric achl, and 150 parts of toluene at a 
temperature of 70-80°. As soon as a test portion is soluble in chloroform the 
acetylation is complete, and the product can be separated off, pre.s.sed, washoil, 
and dried. 

The acetylcellulose rosLunhlos cotton-w'ool in appearance, b\it has a hard feel 
and is brittle. It is .soluble in chloroform and in acetone and insoluble in water. 

Example 3. Soak 100 parts of cotton-wool in dilute sulphuric acid contain¬ 
ing about 6 % H 2 SO 4 , and tlien press the cotton-wool until anout 10 parts of the 
dilute acid remain in the press-cake. Introduce the cotton-wool .so treated into a 
mixture of 300 parts of acetic anhydride and 1,100 parts of benzene. Shake this 
frequently for a period of about twelve hours, and then heat the whole in a reflux 
apparatus on the water-bath at a temperature of 60-65° until a test portion is 
soluble in chloroform. Then pres.s off tne licctylated cellulose, remove the cxces^ 
of acid by means of warm dilute sodium carbonate solution, wash and dry. 
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Chemistry. The chemistry of the cellulose acetates has not been 
as exhaustively investigated as with the corresponding nitrates. 
Accepting the formula of cellulose in its simplest tenns (GeHmOs) 
the mono-, di-, and tri-acetyl derivatives would possess the formulas 

CoHo 04(0 ■ CO • CHs), CgHgOafO • CO • CHala, CgH^O.dO ■ CO ■ CII3) 


respectively. All are white, amorphous, friable powders, without smell 
or taste, insoluble in water, mclhyl, ethyl or amyl alc()hols, partially 
soluble in anhydrous acetone, which solubility increases with the 
previous hydration of the cellulose; i.e., acetylhyilrucellulose is more 
soluble in absolute acetone than is acetylcellulose. Methyl, ethyl 
and amyl acetates are without dissolving effect on the normal acetic 
esters, but a mi.Kturc of ethyl acetate and alcohol is the preferred 
solvent for certain hj-droacetylcelluloses pre))arcd according to the 
method of Eichengriin and lieckcr. All are insoluble hi aniline, tolu- 
idinc, xylidine, pyridine and (piinoline, soluble in absolute formic ’ 
and acetic ainds, the solubility ra))ldly diminishing with introduc¬ 
tion of small amounts of water into the acids. Phenol, c.rcsol, chloro¬ 
form and tetrachlorethane are e.vccllent solvents, carbon tetrachloride 
less so. All are less inflammable than cotton cellulose, non-e-xplosive, 
react with alkalis with difficulty (see cellulose tetracctate), and are 
deposited from solutions in a transparent or opalescent, but brittle 
state. Like the cellulose nitrates, they may be made plastic by cam¬ 
phor and other liodies. Chloroform,^ acetjdcne tetrachloride and a 

1. A. Schfoss, U.S.P. 922.t40, 1!)0S. A marked ailvanlagc claimed for formic 
acid as a soiveni is that a l.iiread (in tlic spimiiUg process) of sufficient strcngtii 
is at once produced when the .sohition is squirted into all aqueous iirecipitating 
bath of suitable character. The rapid action is tielicved iiy tlie patentee, to lie 
due to the fact that the skin formed upon the surface of the filament as soon a.s 
it enters the precipitating bath is readily penetrated by formic acid and water, 
so that the coagulation process rapidly extends into the mterior of the thread, 
tines imparting the necessary strength. 

2. The degree of viscosity of a chloroformic solution of cellulose acetate is an 
accurate criterion of its commercial value, as the greater tlie hydrolysis whicli lias 
taken place the more fluid becomes the chloroformic solution. Wtien the solutions 
are placed on glass plates and allowed to spontaneously evaporate, this becomes 
more apparent. An acetate which is hut little decomposed gives a film of great 
traii-sparency and considcralilc toughness, whereas when acetylation has licen 
accompanied by hydrolysis, the film obtained, although transparent, is brittle. 
When acetylcellulose is saponified, the acetyl groups are removed and cellulose 
regenerated. From a iionnal derivative, a cellulose results which in appearance 
resembles the original except in structure. On the other hand, from a hydrolyzed 
acetate, the cellulose yield is very small, and the residue dillcrs most markedly 
from the original cellulose in possessing strong reducing properties. 

By reaction alone with acetic aidiydride, the monohydratc (C,), insoluble 
in all neutral solvents and the solvents of cellulose, is formed at 110°. At 140- 
160°, acetates are formed which rcdissolve in the reacting mixture. When the 
reacting mixture is diluted with a hydrocarbon, fibrous cellulose may be acetylaled 
without visible structural change. 



CELLULOSE ACETATES 


089 


mixture of ethyl acetate and alcohol are the usual commercial solvents, 
in which mixtures of cellulose and hydrocellulose acetates are brought 
into solution. Nitroincthane,i penta- and hcxa-chlorethanes have 
been proposed as solvents, the latter two of which arc inefficient. The 
solubility may vary within wide limits without apparently changing 
the percentage composition of the resulting acetate, by varying the 
length of time of acetylation and the degree of hydrolysis to which 
the cellulose is subjected by varying the dehydrating agent used. 
Therefore statements in the litcr.ature as to the soluljility of those 
aietates are often misleading and contradictory. Being highly 
viscous, the cellulose acetates, like the (corresponding nitrates, arc 
filtered with difficulty unless highly diluted. Apparently the stability 
in solution may lx; materially increased, as .shown by 11. Knoevenagcl.^ 
.Vll cellulose acetates arc readily sa])onificd by boiling alcoholic 
liotash, but, this method does not give accurate (piantitative results 
with the esters of cellulose, as with the esters of the simpler alcohols.'® 
From the investigations of i)c .MoseiithaH it appears that cellulose 

1. Use iKitc-iitcii by E. l’'ischcr, D.H.V. 201!)07, lil07; for process of nianufactur- 
inc acetyl chloride, see M. Mupliii, I'.S.l*. I)lt;i7‘2, !!)()!); D.H.l’. 171146; see also 
C. llauter, Ann., IH'I'.’, 270, 'itiO. 

'1. lie has shown (('heni. Zeit., lOOH, ;12, 810) that when cellulose is acetylated 
in )iresenec of snl|)lmric aeid, solutions of aeetyleellnlose are obtained which, after 
divys or weeks. accordiiiK to the (|uaiuities of reagents employed, undergo a con- 
sidVnihle change, charaelcrized (\xternally by the fact that the. solutions which are 
first viscous hecooie mobile. If, on the other tiand, the acelylalioii is conducted 
in presence of inorganic sails, rspeeially of sulphites and sulphates, for instance 
of ferrous suljdiate, viscous solutions of very gniat slaliility, wliich can lie spun 
into tlireads, lire olilained. Tfie fillers of aeetyleellulose can he d,ycd in the usual’ 
manner, after suitaide preliminary trcalment., sucli as softening with alcohol. 

3. The reason protiahly being that during tlio time re(|idred to split oft the 
acyl gi'oiips. (lie cefluloso moleeule itself suffers disintegration under the influence 
of the alkali with ttie result that .acidic prcsiucts are formexi. This accounts for 
tlip alinormally liigfi saponification numliers, and it was on account of not nppreciat- 
ii'.g this fact i.luil ilie analytical figures of certain analyses erroneously indicated 
the presence of a etdhilose tetraectate, and peiilacetate (Cross and Bevan, J.C.S., 
IS'tO, r>7, 2). 

\ nonnal ctdhdosc ester onglit upon saponification to regenerate the cellulose 
and fatty acid as sinootldy atid quantitatively as is the case with the fata and oils, 
jsliould i-hc cellidose molecule have been broken down, however (hydrolyzed), 
during the progri'ss of tlie jicelylation, we should expect to find a higher saponi¬ 
fication value, ami the residue ahoidd differ widely, botli in its chemical nature 
and ill quantity, from the cellulose originally taken. However, in those cases 
wiiere, from tlie nature of the aeetylizing process, such a decomposition may lie 
expected, it will generally lie found that an unusual quantity of alkali is usevi up 
in tlic sapoiufication, and tliat, owing to the higli degree of hydrolysis, the yield 
of regenerated cellulose is much below the theoretical. This cellulose, instead 
of lieing indifferent, has acquired strong reducing properties, and when warmed 
witli Felding’s solution causes a precipitation of cuprous oxide. 

4. J.S.C 1., 1007, 2«, 444. See also H. Ost, ahsl. J.S.C.I., 1006, 26, 606; Z. ang. 
Chein,, 1006, 10, »!«; Ber., IStlO, 32, 241.3; Mon. Sci., 1008, 22, ItW. In a recent 
process (F.P. 40046.3, lOOtf; I'i.P. 27102, 1900) for preparing acetylated deriva¬ 
tives by the direct transformation of natural cellulose, V. Pauthonicr takes the 
latter in the form of cotton, paper, etc., and treats with a mixture of acetic anhy¬ 
dride and a conjugated aliphatic sulphonic acid, new acctyl-sulphoaliphatic acid 
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mono- and tri-acetate resemble the higher cellulose nitrates in appear¬ 
ing blue when examined microscopically by polarized light. The 
triacetate is the technically valuable ester, and in commercial methods 
of preparation it is usually the triacetate which is aimed at, whether 
specifically so stated or not. The triacetate is always coutmiiinat-cd 
with diacetatc, and similarly with the nitrates, there is no record 
of a perfectly pure ester having, as yet, been i>rodiiced. Acetyluto<l 
oxycellulose,^ ccllohiose (cellosc), and allied derivatives have been 
described, but arc of no industrial iinj)oi‘tance. A charncleristic 
reaction of the cellulose acetates is their solubility ui hot nitrobenzene, 

oslei-s of cellulose iKung thus formed. The products are while, soft to th(‘ touch, 
and when eoinpn*ssed have a spongy apfK.Nxnince; tliey aiv solul)le in j^lacial ;icetic 
acid, chloroform, and acetone, and are said to Ih' suital)lc for tiie product,ion of 
photo^rapliic films and for other ymrpost's, aiul for tlie rephvoement of nitnK*el- 
lulose in the production of celluloid. According to the proportion of the injiredients 
employed, substances of varying liegrces of plasticity and solubility are olitained. 
As an example of the inetluxl of manufactun*, 102 giti. of dry cotton an* tn'aled 
witli 400 gm. of acetic anliydride, (iOO to 700 gin. of glacial iicetic acid, and from 
5-7)0 or more gm. of sodium sulphoricinate, together with sufficient free* sulphuric 
acid to liberate the sulphoricinic acid. The glacial acetic acid acts as a ifilu(‘iit, 
only. The operation is best conducted by first adding the* glacial acetic and sul¬ 
phuric acids together with a little of the acetic anhydride, and tlien gradually 
adding the remaining eonstitnents, witli thorougli mixing, after the reaclioti lias 
started, in order to avoid boating. The mass is km*a<led for some time aiut allowed 
to staiul for twelve to eighteen hours. The reaction is completed when a sanii)le, 
after w'ashing and drying, is soluble in acetone. The inixlun* is then filtered, 
and the substance y>recipitated by adding water, ♦reated with sodium carbonate, 
waslicd, and dried. 

1. Skraiip and Konig (Ber., 11)01, W, 1115; alist. J.S.C.T., 11)01, 20, 710, 1002, 
21, 144) olitaincd from cellulose, by heating it with acetic anhydride ami roiieeri- 
trated sulphuric acid, a crystalline acetyl compound calletl octa-ucetylcellobiosp 
melting at 227-22S®, w'hich on saponification yielded a hiose, eellobiuse. By liie 
action of hydrochloric acid on tnc acetyl compound, an acetochloro-compound 
was produced, from which, on replacing the chlorine l)y acetyl a new ac(‘tvl com¬ 
pound w'as obtained of m. pt. 200°, i.someric wit!) tlic compound inentiom‘<l aliove. 
(icinsporgcr (Monat. (!liem., 11)05, 2f», 1150), who prepared the. aectochloro-com- 
pound directly from cellulose, W'as unaldo to obtain a bioso from the acetyl com¬ 
pound of m. pt. 200°. vSubsequently, Maquenne and (loodwin (Bull. Soc. (.'liim., 
1904, 31. S.34) obtained an acetyl compound melting at 190° by heating cellofjio.*'C 
with sodium acetate. This compound w’as easily saponified, with rcjiroduction 
of the hiose, and on w’arming with concentrated sulphuric acid was convert4‘d 
instantaneously into the acetyl compound melting at 22M°. E.U. v. Uardt-Stremayr 
(Monat. Chem., 1007, 28, 73, 78) has repeated some, of the experiments mentioneil. 
and finds that Geinsperger’s acetate (m. pt. 200°) and Ma(iuennc and (i(sidwin’s 
acetate (m. pt. 11)6°) are identical. The true melting-point is 198°, and the 
compound is easily saponified, wdth formation of cellobiosc. Attempts to convert 
the acetate melting at 228° directly into its isomeride melting at 108° pn»viMl 
unsuccessful. The yields of acetyl compound from the different oxycelluloscs varies, 
however. Pure cellulose yields about 25% of acetyl compound, as al.so does hydral- 
cellulose, G. Bumckc and R, Wolffenstcin, Ber., 1899. 32, 2493; (abst. J.S.C.I., lst)!l 
18, 910). The oxycelluloscs prepared by the action of nitric acid and of potassium 
chlorate and hydrochloric acid respectively, on cellulose, O. Falier and 11. Tollens, 
Ber., 1899, 32, 2589; J. Murumow, J. Sack, and B. Tollens, Bor., 1901, 34, 1427: 
(abst. .J.C.S.r., 1899, 18, 1014; 1901, 20, 739), yelded 16% and 10% of acetyl 
compound. Acid cellulose (abst. J.y.C.T., 1899, IS. 940) yielded only 7^/(. of tvcetyl 
compound. The author concludes that oxycelluloscs contain cellobiosc groujis, 
but in less (juantity than ordinary cellulose. 
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from which they gelatinize out on cooling. The technology of the 
cellulose acetates has recently been greatly forwarded by investiga¬ 
tions on the function of the various hydrolyzing and catalytic agents 
proposed, and the proportion of acetyl hydrocellulose present with 
the normal esters.* 

Methods of Manufacture. As the method of direct treatment of 
(tellulose with acetic anhydride and glacial acetic acid, with or with¬ 
out acetyl chloride, is but of theoretic'al value and is not used indus- 
dustrially, there may be said to lie but two general m(!tho<ls of prepara¬ 
tion; (a) The most important, that of producing hyilrocellulosc 
from the cotton and then acetylating this. The hydrocellulose may 
be produced as a distinct and previous operation, or morc^ often adili- 
tion of sulphuric acid ami other dehyilrating agents causes the forma¬ 
tion of hydroccllulosc in the ticetating mi.xture. At the present 
time the jiroiluct.s ai’e I'egfirded as ai'etohydi'occlluloscs rather than 
cellulose acetates. (6) Production from some form of regenerated 
cellulose, as that obtained from viscose or from ammoniacal copper 
o.\idc cellulose solutions. 

In any met,hod, the cotton is rendered absorbent by I'emoval of 
fat and wa.\ by scourhig, bleaching, etc., in the same manner and with 
as gi'eat, care as for the pro))aration of the nitrates. Immersion in 
tlie acetating mi.vture may be continued until the product is sohd)le 
witliout turbidity, or the process may be stopped before completion 
of acetylization, when l)odies readily soluble in ethyl acetate, acetone 
and even ethyl alcohol result, and hence much less expensive solvents 
than the chloroform formeiiy used exclusively, may be employed. 
Such partially converted celluloses are also cajjablc of the formation 
of plastic ])roducts with either camphor or acetylene tetrachloride, 

1. I'ross, Bevan and Briggs (Bcr., BlO.i, 88, IS.')!), H.")!!!) have diseoviTcd that 
l)V the join! action of acetic aciil, acetic anliydride, anil sulplmric aciil on celhl- 
hise, mixed acetic and sidphiirie esters result. For the preparation of what they 
lenn the normal cellulose aeetivsulphate to whieh the formula t((',H,0,) (SO,) 
(OjlI,Oj),„ is ascribed, 10 gm. dry cotton are stirred for twenty minutes at 30° in 100 
ce. of a’mi.xtrire of eipial parts glacial acetic acid and acetic anhydride coiitaining 
4 '>y weight of suliihuric acid. After standing for an hour a homogeneous, 

translucent, and viscoms solution is obtained, which jireeipitates nn being poured 
into water as a semi-translueenl gelatinous hydrate, soluble in alcohol. At high 
temperatures, especially in presence of water, the product is lialile to turn black 
in consequence of the liberation of free sulphuric acid. 

By using less snliihuric acid in the preparation, a product was obtained wliieh 
was insoluble iu alcohol. 

The .sulphuric acid contained in the new esters Ls remarkably stable toward 
alkaline saimnifying agents, but is readily alTcetcd liy water. Tlie air-dried sul)- 
stanee retains S% of moisture. 

The existence of a compound containing cellulose and sulphuric acid in the 
proportion 4l!,H,„05 to H,SO, is put forward as a proof tliat in its reactions cellu¬ 
lose behaves like a complex of at least 24 atoms of carbon. See also Cross and 
Bevan, Ber., 1001, 34, 2406; Chem. Zeit., 1005, 29, 527. 
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as will be subsequently described. To modify and control the speed 
of acetation, certain non-reacting diluents as inhibiting agents may 
be added to the acetating mixture, benzene, benzine, toluene, xylene, 
mono-chlorbenzene, benzyl chloride, benzal chloiide, anisol, phcnetol, 
and fatty acid esters as acetic ester and ethyl aeetoacetate.* Very 
recent experiments appear to show that a much superior product 
results by allowing the partially acetated cellulose to I'cmain immersed 
for a period of twenty-four hours or longer and at a lower tem¬ 
perature. The speed of acetation is governed by the amount of 
moisture present, nature and concentration of the dehydrating in 
catalytic agent employed, previous treatment of the cellulose, and 
temperature of and length of immcr.sion in tin; acetate l>ath. 

Where the reaction is allowed to ])roceod until eutire solution or 
chloroform results, the diacotatc appears to be i foimed, then 
the triacetate, as indicated by the iinu'Cised solubili ^ in cbloroforiii. 
The present centers of manufacture are: Inir.st Donneismai'i I: 
Kunstscide und Acetatworke, Farbeiifaljriten vorii liiel', Bayer 
& do., in (lermany, and in the United States at the l■’.l■tnlall Kodak 
Uompany, Roche.stcr, tioncral Electric Company, Lvnn, Mass., and 
in the neighborhood of Boston. 

Manufaciure with Dehydrating Agents is. poiluqis, as definite 
a general classification as is possible. The methods all piobably 
first transform the cellulose into hydrocellulose, so that the ester 
is, ill part at least, an acetohydi'ocellulose.-' Ahtiougli cellulose is 
usually classed among the cheiniciilly inert individuals, this is not 
the ease, however, as is shown by the extreme care exercised in the 

1. E, KnocvcnaKct, (’hem. Zeil.. ItlOS, :t2, 811); see Knoevenagcl ami II. Lel)aeh, 

U.8.1’. S'.)121S, 1!K)S; l-'.P. 1)107. 

2. (!. Buttner am! .1. Neuman (Zeit. aug. Chem., DIOS, 21. 2000) rocunl that 
when cellulose is trealisl willi diluted sulplmric aciil, of sii.nr. 1.4.'):t-1 .tt, a mixture 
i.s formed cousistinn prohalily of hydrocellulose and oxyccllulo.se toucthcr wil.li 
uucliaugcd material. I'uder special comiitious (using acid of uidy d -t’/,, strength), 
liowcvcr, cellulose hydrates are formed of the giuieriil fomiuta, (('„H,„(),).r,H;(), 
(three preparations were olhaiued in which j— 2, 2, and 0), hydroeellulose 
of this composition, whether a:»2, .'1, or 0. i.s a white sandy powder extremely 
resistant toward acids and alkalis. It is usually not changed by boiling with dilute 
sulphuric acid, hut further experiments are nreessary in order to ascertain wliethi^r 
the one stage of hydration may not l)e changed into another by this treatment. 
It is dissolved by cold concentrated sidphuric acid or fuming nitric acid, but it 
is only colored yellow on boiling with caustic potash or soda in an ammoniacal 
solution of copper oxide. When hydroeellulose is treated with acetic auliydride 
and concentrated sulphuric acid addeil, a vigorous reaction ensues and the substance 
dissolves. On dilution with water an acetyl derivative is precipitated in whito 
to blue opalescent flocks, llydracellulose is colored blue, with zinc chloride-iodine 
reagent or iodine and potassium irslidc solution, and it reduces Fehliug’s solution 
and ammoniacal silver nitrate. Girard’s statement that hydroeellulose is readily 
oxidized even at 50° cannot be maintained, for the pure substance remains unchanged 
at 100°. If, however, traces of sulphuric acid are present, it is soon decomposed 
on wanning. 
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preparation and treatment of cotton in the textile industries, especially 
in bleaching and dyeing, where extreme care is taken that the cellu¬ 
lose fiber is not too severely attacked (tendered). As in the nitration 
of cellulose, acetylation may be much more readily carried out in the 
piesencc of a dehydrating agent of considerable strength. Lands- 
berg * has described a process whereby hydrocellulose or oxycellulose 
is heated with acetic anhydride and 1 % ortho-phosphoric acid to 
40-80°, or where meta- or pyro-phosphoric acids are used, the tem¬ 
perature may be lowered to 25-50°. With phosphorus pentoxide''* 
a temperature of 50° is claimed to give best results. Balston and 
Briggs^ prefer phosphorus oxychloride or pentachloride. Sodium 
acetate has been i)t'oposed,^ but as has been pointed out ® this salt 
docs not give satisfactory results because it is impossible to obtain it 
in the anhydrous state, except upon heating to a temperature 
sufficient ly high to decompose cellulose. Potassium acetate is no better, 
ammonium acetate changes to acetamide, but magnesium acetate, 
which may be freed of its moisture at a temperature below 100°,® 

1. E.l’. 48S(i, l'.U)2; F.P. liKiSOO, lUOl; .\u9l. P. 174')0, 1!)()2; D.Il.P. 1^1,5727; 
where oxycelhiliwtis are einpluyeil, sulplniric acid instead of pliosphoric acid is 
advocated. To produce oxyeelliiloses soMable for this purpose, action of cellulose 
witli potassium chlorate and iiydroehloric aeid and conductinf! a constant current 
of chlorine into a heated mixture of finely ilivided cellulose, calcium carbonate and 
water is suKttcsted. 

2. I'M’. liUi.'ilK), lilOl. In the proetws of the lladische Aniline Company (E.P. 
24l)Sd, 1U04; I'M’. H47!l(Hi, l!ll)4) the solution of the acetylcellulose is prevented 
by rarryiuf; out the reaction in presence of a sufficient i|unuliity of some U(]uid in 
wdiich acetylcellulose is iusolubie te.R. ether or benzene). The acetylation prf>- 
eeeds mure rapidily if the cellulose (cotton, mercerized or not, wood, paper, etc.) 
is first damped; it. may be imprepiated with dilute sulphuric acid to obviate the 
necessity of intrcxluciiiK the latter into the solution. The sulphuric acid may lie 
replaceif by organic sulplionie acids, or by phosphoric acid. One of the ailvautages 
of this process is that it enables cotton in the form of flock, yam, or faluics to l)c 
acetylated without altering its appearance. The following is an example of the 
])r(wess: It) k. of dry degreased cotton are heated in a mixture of .lO k. of acetic 
anhydride containing 5% of .sulphuric acid and 150 k. of toluene, at a tem- 
l>crature of 7t)'’-Sl), wrung out, wa.shed and dried. 

3. M.P. 10243, 1003. Best results are obtained by mixing with 10 parts cotton, 
30 of acetic anhydride, 30 glacial acetic acid, 17 phosphorous oxychloride, all in 
a stoppered container, and heating to 55° for seven to eight, hours with occasional 
.stirring until a small portion taken out is completely soluble in chloroform or 
phenol.’ It is claimed the product so obtained possesses great flexibility and 
tenacity, and offers considerable resistance to both not or cold water. 

4. Skraup and Konig. Her., 11101. 34, 1115. 

5 F. Marsden, Jour. Dyers and (’oh, 11105, 21, 104; Filrbcr Ztg., 130(1, 42, 172, 

6. Croas and Bevan, I'.S.P. 53082(1, 1834; D.Il.P. 8.5323, 1835; 8(13f)8, 183(1; 
F.P. 243546, 1834; Ber,, 1.836, 23, 312, 461; “ Uesearches on tVlhilose,” 1300-05; 
in their E.P. 3676,1834, zinc acetate is used; abst. J.S.C.I., 1835,14, 387. In J.C.8., 
1830, 57, 1, in the course of investigations on the constitution of the lignocelluloscs 
(J.d.’s., 1883, 55, 133) action of acetic anhydride on jute was studied, and on boiling 
purified cotton for sixteen hours with acetic anhydride containing a trace of zinc 
chloride in solution, the whole of the filxT had disappeared, and on pouring the 
solution into water a copious precipitate was obtained, which, after washing and 
drying, gave on hydrol.ysis a ((uantity of acetic acid equivalent to 80% of the sub- 
staucc. In a aubsequent patent (D.R.P. 224330, 1307) Cross and Bevan produce 
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has been found satisfactory. Calcium acetate is said to give erratic 
yields.! 

Sulphuric acid is the least e.xpensive and probably most used 
dehydrating agent for the formation of hydrocellulosc, the commer¬ 
cial grade of 60° Be. strength being usually employed.^ With the 

cellulose acetate from cellulose without altcrins the structure or the appearance of 
the fiber or lire fabric, with acclylizinp; afrents and zinc chloride. The cellulose is 
treateil with less tlian 1.5 limes its weight of acetic anhydride, the zinc chloride 
being preferably added in the proport ion of 4-10^, of the reaction mixture. 

1 . .According to their method, the moist regenerated cellulose is impregnated 
with the aqueous solution of magnesium and zinc acetates, even penetration being 
assured by mixing intimately. The mixture is carefully dried, and ground to an 
im|>alpal)le ])owder, llpon trealirrent with acetyl chloride and acetic anhydride 
a rcaclion takes place which may Ire represtmted as follows: 

2(',ii,A+Mg(tyi,o,)j+{(Ti/'0),o+2(;n,t;(x;i= 

2(yiA{Brii.Od3+Mg(:b-f 311,0. 

The equation is calculated upon the suppo.sition that a Iri-acctyl derivative is 
formed. Sec W. Walker, Jour. Frank. Inst. 1907, HI, 130. In carrying out 
the operation 304 parts by weight of the magnesium acelatc-ccllulosc mixture 
is inbccd with 157 parts acetyl ehloridc and 30 50 parts acetic anhydride,,left to 
stand until the temperature has risen to 50°, when the appearance changes from 
a moist sandy powder to a semi-fluid mixture. The rise in temperature is con¬ 
trolled by tine addition of small amounts of nitrobenzene, incorporating each 
arhlition thoroughly, that the temperature may be kept as near 50° as possible. 
I'his is important, for with Uxi great a rise in temperature, the cellulose undergiK's 
h.vdrolysis, and tlie yield is low and quality poor. On the other hand, a fall in 
temiierature results in ineomplete iWM'tation. Nitrolx’iizenc, being a solvent, of the 
acetate, acts in the capacity of a diluting agent as well as temperature, reguIal,or, 
and as the prcKluced acetate dissolves, new surfiuies of cidlulose are cx]>08ed b> the 
aeetating process. The amount of nitrobenzene i.s increased as the reaction increases, 
so that finally an almost comphte solution in the solvent, results. The viscous ^ 
solution is then run into alcohol, continually agitated, and the precinitated acetate 
well washed with water until a neutral reaction is obtained. Tne nitroiicnzol 
is freed by di.stilling with steam, the blocks arc pressed and finally dried. Puri¬ 
fication is effected by solution in dilute phenol and precipitating by running into 
weak alkali solution. The washed and dried jiixsluct is then dissolved in chloroform, 
and is ready for use. Difficulty has been found in regidating the temperature 
by this methoil, which VVohl (D.R.P. 139009, 1899) sought to overcome by the 
rc'placement of the magnesium-zinc acetate by pyridine. Sthamcr (Aust. P. 8171, 
1992; D.R.P. 123122; .lour. Dyers and Col,, 1901, Hi. 240; Zeit. ang. Chem., 1901) 
proposed treatment with acetyl chloride and a little sulphuric acid at, 70° until the 
product Ixcamc completely soluble in acetic acid. See D.R.P. 184185, 1901; 
Hadische Aniline ttompany, D.R.P. 184145, 184201, ltK)4; Russ. P. 114tl2, 1907. 

2, Knoll & Comitany, K.P. 309123, 1900 ; 383030, 1907; abst. J.S.C.I. 1909, 
28, 1194; First .Adrlition, dated April 10, 1908 toF.P. 370.578,1907; abst. J.S.C.I,, 
1907, 20, 9,S8. D.R.P. 180007, 1905 Addition to D.R.P. 180000, 1905; D.R.P. 
201233.20:i042, IttOO; F.P. 412.503, 1910; E.P. 3559,1910. In First Addition dated 
.Apr. 10, 1908 to F.P. 370578, 1907, abst. J.S.C.I., 1907, 20, 988, the claim is ma<lc 
that they are able to regulate the dehydrating action of sulphuric acid by the addi¬ 
tion of a nitrate .as ammonium nitrate—eipiivalent to the. quantity of sulphuric 
acid present -the liberated nitric acid acting as a bleaching agent upon the cellu¬ 
lose, with which it combines to form a mixed e.ster, f)r (F.P. 373994,1907) addition 
of 0,1 0.3% of such catalysts as ferrous sulphate, hydrated ferric chloride, zinc 
chloride dimethvlamine chloride or diethylamine sulphate, the temperature of 
reaction being 70°. See also their D.R.P. 122033, 1906; 201910, 1907; Addition 
to D.R.P. 196730, 1906; D.R.P. 2069,50, 1907; .Addition to D.R.P. 203178, 1906; 
E.P 7743, 1909. According to H. Dreyfus'fR'.P. 413671, 1910) and Dreyfus and L. 
Schneeberger (F.l’. 413671, 1910) cellulose acetate is prepared by the action of 
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methods of L. TiCderer i celluloso is acted upon simultaneously by 
sulphuric acid and acetic aidiydiidc, with and without glacial acetic 
acid, the cellulose being both hydrolyzed and acetated. In order 
to separate the esterized cellulose from solutions m the reacting mix¬ 
tures, liquids which do not dissolve cellulose, as water or alcohol, may 
be used, but if it is desired to recover the glarial acetic acid and acid 
anhydride, water dilutes the acid and coml)incs with the anhydride, 
while alcohol condjines with the glacial acetic acid in presence of the 
dehydrating agent, sulphuric acid and ethyl acetate being formed.- 

acetic anhydride on cellulose or its derivatives, in presence of load clmml)cr 
crystals as a catalyzing agent. The acetylallng mixture may ])c diluted with 
liciuiils which may lie solvents or non-solvents of the proiluct. (leliulot^(^ formate 
may l>o prepared by the action of formie acid in a similar manner, and it Is stated 
that esters of other acids of the fatty series may also 1)C produced, l/tiail 
chaniher crystals arc claimed to have a more specific influence in favoring the 
cstonfication than free sulphuric acid. ICxamplo: 10 parts of cellulose arc treated 
with a mixture of 35 parts of acetic anhydride, 30 of glacial acetic acid and 
0.5 of lead cliambcr crystals; the reaction proceeds gradually at a relatively low' 
temperature. 

1. 954310, 1910; (Original application fileil May 29, 1902, Serial No. 
10950(1. Divided and this application filed Mar. 29, ltl05. Serial No. 252073.) 

E. P. 11749, 1900; 70SS, 11104, 1902; 7341, 1903; 7340. 19107, 1906; 3103, 1907; 

F. P. 320885, 1902; 371358, 1900; D.R.P. 11875S, 120713, 1901; Jour. Dyers and 
(Jol., 1901, 17, 238. In U.S.P. 054988, ltK)0; D.lt.P. 118538, licderer proceeds liy 
treating cellulose with 3% Bulphuric acid for some minutes, then heating to aliout 70° 
in a closed roceptacio for about three hours, after wliich it is pressed aiul drie<l. The 
mass is then poured into four volimios of acetic anhydride. The reaction takes place 
in a short time wfitli evolution of heat. After its completion the prcKliict is wasliod 
with water, the acetylcellulose upon <lrying appearing as a gravelly powder soluble in 
chIor(»form and nitrobenzene. If the liydroccdliiloso has not l)een obtainnil by 
Clirard’s process by means of suljdmric acid, but l)y another process without, the aid of 
sulphuric acid, a small amount of sulphuric acid—about \ to of the weiglit of 
the aiiliydridc—must be added to the acetic anhyilride for ac<*lylization, bectause 
wit,bout presence of sulphuric aci<l acetylization by means of acetic anhydride 
does not .succeed at a low toinperature. For superficially acetylating cemilosi! 
fabrics I>ederpr immerses the cloth (U.S.P, 9.'>4319,1910) in acetic unliydride to which 
about 0.5% sulphuric acid has been ad<lod, and allowed to remain in the solution 
for about ten minutes. The fabric, thus provideil with a more or less thick surface- 
coating of cellulose acetate, is then removed from Uie solution and freed from tlie 
absorbed acid by washing with water. 

2. In U.y.P. 902093, 19t)H, Ij. Loderer records that carbon t.etrachloride is 
suitable as a diluent to lower the temperature of reaction and to enable the acetic 
acid and anliyilridc to be subsequently recovered. Besides being uninflammable, 
its boiling point is .substantially different from tliat of cither acetic acid or acetic 
anliydriilc, which facilitates their separation by simple distillation. By the use 
of carbon tetrachloride, the inventor claims, it is practicalile to effect llie separa¬ 
tion of the mass produced by the esterification in open vessels, and consequently 
to dispense with special apparatus. Whereas carbon tetrachloride is a non-solvent 
for cellulose acetates, the near related liodies, chloroform, ethane tetrachloride 
and dichlorhydrin, are direct solvents. The carbon tetrachloride is added to the 
reaction mass with careful stirring, until a thick, uniform paste has been formed. 
The paste is pressed, and if iiecesary the solid residue again stirred with tetra¬ 
chloride and the mixture pressed as before. The mass is then washed with water 
until neutral and dried. See also D.R.P. 185151, 1006, and F.P. 371350, 1900 
In F.P. 371357, 1906, a method for preserving the viscosity of the solution is given. 
By heating hydrocellulose, acetic anhydride and sulphuric acid to 60-70°, he 
obtains a product solulile in ether as well as in chloroform. See also lI.R.P. 175379. 
1904; 179947, 1905; 210778, 1906; F.P. 319724, 1902; 36876(), 1906; 374370, 
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Miler describes the preparation of cellulose acetate partially soluble 
in acetone ' by using a large excess of acetic anhj'dride.^ In the presence 
of relatively small quantities of zinc chloride ai temperatures between 
12.5-140°, cellulose and acetic anhydride react to the triacetate, but 
at higher temperatures the tetracetate is said to have been formed. In 
order to eliminate the sulphuric acid used to induce the change from 
cellulose to hydrocellulose, Mork, Little and Walker'* propose ilie use 
of phenolsulphonic acid and its salts, especially sodium pheuolsul- 
phonat('. The tendency to degrade the cellulose esters of fatty acids 
during their formation where sulphuric acid is used * is eidirely obviated, 
so the inventors claim, by employing the sulphonic acids in tlie nianrer 
they describe. M. Althausso'^’ obtains acetyl hydroceihdi c soluble 

lit07; D.H.P. ICSSlfi; .tiist. T. 3S.5()S, For acctylatod uUn cellulose, e l.edeier, 
D.R.J'. 17i)»47; Aust. T. ;1427'2 1;'0S. 

1. F.P. 35S07SI, ItHK; E.P. M255, ItlOti. Dry eoUon, 170 gm., glaeial aeel c 
acid, 6S0 cc., sulphuric ivcid, 7 ciarc ndxe.l and elhnved i.o stand lo. one hour. 
Acetic anhydride, 470 cc., is added, ami when the solution is clear there is tulded 
1(K) cc. of an acid solution, containing ■water 00%, aial .sulpliune acid 10'’;., After 
Rtandin ; ten to twelve hours, precipitation is effected liy water, and the precipi''ile 
washed and dried The cellulose ether pnxUict is soluble in chlorotorin and sligutly 
in acetone. 

■2 U.S.P. 731123, ItKW; 7i)0,‘)(i.'j, 1005; ,S0003,'), lilOli; F.P. 3F.007, loOl; Zeit. 
Text. Chem., 11, 423; E.P. 2t02H, 1001; 7340, 1003. 

3. U.S.P. 700022, 1002. For every 100 paiis of cellulose, a.s cotton, there arc 
taken 3.50 parts nf acetic aidiydridc, 5 parts phenolsulphonic ticid, and ,'i parts 
RiHlinni plicnolsulplionatc. About 1.50 parts glacial acetic acid arc added to dilute 
the ndxtnrc. 

4. Sec (!. Schwalhe, latter portion of this chapter on the question of free 
sulphuric acid in this method. 

.5. In U.S,P. fi70'203, ()70'204, 1001; D.R.P. 123121, 123122; U.S.P. 002407; 
D.li.P. i''-12K0,5, is descrilxnl a mcthcKl of preparing liydroccllnlose coniincr- 
cially by treating cellulosi! with free cldorinc containing a small amount of glacial 
acetic acid to 00-70°. Alxmt 100 parts of the product thu.s ol>t,ained arc mixed 
witli 3,50 parts glacial acetic acid, and to tin.s iidxture arc added 350 parts acetyl 
chloride. Energetic action ensues, iicat is evolved and IKJl split off. .4s sixin 
as tile reivction moderates, a small quantity of concentrated snlplinric acid is 
added to tlic mixture and the latter thoronghlj' mixed and liealed lo 01)-70°. 
The splitting off of the HO continues, and this lias for its result tlie formation of 
a tliick pulp, which i.s kept for a sliort period of time at a temperature of from 
05-70° until the mass lias lost its pulpy character. From tins reaction product, 
wdiich is now in a liquid .state, the acetyl hydroccllulose is precipitated iiy means 
of water, ft is soluble in aeetorie and alcohol, lint cannot lx- pn'cipitated therefrom 
with water even when tlie solution is consideralily diluted witli water. Tlie .acetyl 
derivative ohtanied by evaporatuig a solution is also iiisolulilc in water. It is, 
however, possible to separate the whole of the acetyl derivative even from highly 
diluted solutions by salting it out with a comparatively small amount of common 
■salt. Ill a later patent {U.S.F. 6U2tt)7, 002775, 1002) is dcscrilied cprt,ain acetyl- 
eellulo.se derivatives which possess propcrtie.s of great importance for teclinical pur¬ 
poses, among others, for the production of lakes. In prixincing hikes a solution 
\if the acetylcellulose in alcohol, for instance, is dyed with a suitable dye or color¬ 
ing matter. It is then diluted with water and finally salted out by adding a small 
quantity of finely pulverized common salt. As the acetylcelluloBe in a moist 
state is very voluminous, a copious precipitate can lie obtained even from a highly 
diluted solution. The lakes thus obtained are said to possess, in contradistinc¬ 
tion to the lakes precipitated by means of metallic salts, the advantage of being 
absolutely insoluble in water after drying, of being transparent or nearly transparent 



CELLULOSE ACETATES 


997 


in acetone and alcohol, from solutions in which it cannot be precip- • 
itated with water until highly diluted. By the use of sulphuric anhy¬ 
dride (s\dphur trioxide), (}. Miles^ employs glacial acetic acid containing 
from of water, using only enough of the trioxide to combine 
with tlie water present in the acetic acid and thus form sulphuric 
acid.2 Instead of glacial acetic acid, monochlor-, dichlor- and tri- 
chlor-acetic acids in conjunction with cellulose and acetic anhydride, 
have given best results in the hands of the Berlin Aniline Company 
A suitable diluent, as benzine, is added to the mass in order to better 
keep the process under control. The union of cellulose and aceti(5 
anhydride may be facilitated, according to A. Corti/ by treating 

when applied in .a thin layer, and of sliowing a fresh sparkling; color. Sec also 
Tdzer, Aceiylhy<lroeelluloso, MUh. (lew. Mus., 100.'), 15, 241. 

The jjroperly of the acetyl derivatives of producing combinations with coloring 
matters in soluble lakes gives them a value as dyes or for printing fabrics, sucii 
as cloth, or for color-printing on paper. When fal)rics are first treatetl with an 
}iliM)holic or atiueoiis-aicoholic solution of tlie acetylcellu!os<‘ and arc thtni treated 
with a sui1ab!(‘ eoluriug matter or dye, a better diffusion or distribution of the color 
on tlie fillers is obtained, and the fillers retain the color more finnly. 

(loneeiitrsited alcoholic solutions of the acetylcellulose when dyed with artificial 
coloring mat tors are well adapted for printing on paper. 

1. tbS.I’. 7;W72U, S3S:h'>0. 11)07; the (piantity of acetic acid taken is 

preferably only sufficient to thoroughly moisten the cellulose treated. To the 
ac(‘tie {wnd thus prejiared acetic anliydrule is added in (juantity sufficient to form 
cellulose tetnwetnte with the cellulose first taken. The whole is then mixed togetlier 
to form a inoi.-'t pulp. The object in fhe employment of the theoretical cquivalctit 
of anliydride necessary to the formation of the tetraootate, insures a practically 
suHieii'iit exce.ss over the chemical eijuivalent reipiisite theoretically to the forma¬ 
tion of the triacetate, so as to initiate and accomplish the formation of an ester 
in which tlie triacetate is largely preponderant. Tlie reaction, which is accelerated 
by moderate heating, and if tlie temperature of the reacting mass is raised to about 
70®, is complete in alKiut two liours. It is desirable on completion of the reaction 
to remove the (‘ster from further contact' with the estenfying reagents, vsdiich 
is most readily done by pouring the mass inio a large volume of cold water. Miles 
has foinnl that 1 part sulphuric acid to 400 parts acetic anhydride i.s sufficient to 
initiate the reaction and carry it to completion. 

2. In 0. Miles. U.S.P. SdSIh'iO, 1000, the acetic cstcr is first produced, and then 

livdiated in a snbseijueiiL step, the method being as follows: 100 grn. cellulose, 
•K) gm. commercial iw'ctic anhydride, 400 gm. gUveial acetic acid, and from 10- 20 
gm. sulphuric acid arc allowed to react together. After the ester has been 
formed, instead of pouring the mass into a hirgc volume of water, the mixture 
is intro(.lue<Ml into the following: sulphuric acid 10 parts, water 00, glacial 

acetic achl 1(K), using 40 -45 gm. of total solution to each 100 gm. cellulose orig¬ 
inally operated uiion. The whole is mixed thoroughly by stirring, allowed to stand 
alMnit tw’elvc hours at- 50®, when the aci'tatc i.s prcciintated out witli water, ncutral- 
iz(‘d, and dried, a fine powder being obtained wliich responds to the following tests: 
Tt. is Bolul)lc in absolute acetone, plastic in chloroform and solulilc in ac('tylene 
tetnicliloridc, insoluble in etliyl alcoliol or water. A further peculiarity of this 
product is that if al^out 5% of water is added to the acetone (i.e., a 95% acetone 
be used) the product is soluble in the slightly diluted acetone, but the films are 
wliite and opH(|ue, instead of being transparent, although flexible, tough, tenuous 
and waterprool. Although the acetate is soluble in 80% acetone, upon drying 
the films ol)tained are cniekle<l and without strength. 

3. K.P. 142.55, 1900. The formula of II. Poutin ami T. Tolputt is 10 parts 
of cellulose mixeil with a solution of 90 parts of trichloracetic acid in 30 of acetic 
anylidride. 

4. U.S.P. H2()229, 1900. In this process nictliylethyl- or diethyl-aulphates 
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30 parts of rellulosc with a mixture of 70 parts aeetir anhydride, 
ai'oth^ acid 120, and dimethyl sulphate 3 (parts by weight). 

In the jirosence of sulphuric acid the action of acetic acid and 
anhydride on cellulose, especially that regenerated from viscose and 
ammoniacal cojipor oxide, i.s vciy energetic, considerable heat is 
developed, and if the reaction is allowed to proceed unchecked, the 
yield is jnuch reduced, the cellulose degrading to the sugars—diglycosc 
having been described as a sugar obtained in this manner. Further¬ 
more many of the processes are open to the objection that the ace¬ 
tate is dissolved in the acetic acid or acetic aidiydride n.sed, and must 
be sub.sesequently jireeipitated to be recovered. Often a portion 
only is ix'coverable after the cellulose acetate has ])assed into solu¬ 
tion in the reacting mixture, so the yield is uncertain and therefore 
unsatisfaetoiy. If the reaction is carried out in t.he presence of a 
siiflicient quantity of 'Some non-reacting fluid and one in which cellu¬ 
lose acetate is insohdile (ether, benzene, benzine, toluene, etc.) the 
crude jiroduet does not lose the .structural form of the original ccllu- 
lo.se (if cotton), and sejjarates in a crude state' which may be directly 
)uirified.'' In a method ju'oposed by II. Mork-'' disintegration of the 

may tic used instead. Accoriling to Ikl’. tltlllS, 11)0.'); al)st. J.S.C'.L, 100."), 24, 
'll);’ K I’. tit.lTOl, 1004; issued tii Kal). de Prod. (Tiim , “ i'lora ” cellulose HI) parts is 
hnaled with a mixtuie of acetic anhydride 70 parts, glacial acetic acid PJO parts, 
and dimethyl sulphate H parts, at the tempcraluri' of a hoiliug water hath, until 
complete soiulion is ellecteil. The product agrees in composition and soluhilily 
with cellulose tetracelate. A difTerent product which is soluhle in acelsine and 
alcohol can be prepared, it is saiil, by increasing the proportion of dimethyl 
sulphate to Ih parts. 

1 . In a si'areh for lessening the cost of this product—the serious drawli.aek to 
its more universal application—K Bayer A t'o. have succeeded,in iirodueing an 
ester .soluble in alcohol. They find that the reaction takes place in two phases; 
I’irsl an acetate is produced rvliich is soluble in alcohol, this product being then 
transfonned by the further action of acetic acid and .sulphuric acid into the tri- 
aeetyleellulose, insoluble in alcohol. 'The action of ao'tic anhydride and sulphuric 
acid can he carried out in .such a manner that the acetate .soluble in alcohol is 
olitained as the chief product. T'or this puq)Ose the proce.ss must he stopped 
when the alcohol-soluble bwly first priKlueed begins to be transformed into the 
aleohol-insoluhlc acetate. \ mi.xture of St) each acetic acid and anhydride; 4 
parts sulphuric acid, and 20 parts cellulose (cotton yam), is allowed to stand at 
20 -2.')”, stirring from time to time, tlic m.a,ss being converted into a thick syrup, 
after standing about ten hours. When the precipitate obtained by diluting a test 
portion with water contains only a small quantity of unchanged cellulose, and is 
still soluble in hot alcohol, the production of the new cellulose acetate is completed. 
The reaction mas.s is then diluted with a large volume of water, the precipitate 
thu.s obtained filtered oil, pres.sed, washed free from acid and dried. Thus pre- 
iiared, it consists of hard, yellowish friable lumps. See also L'.S.P. ,S:f,S;!.50, I'llKb 

2. Sec E.fh 240,S3, 11)04; E.P. 347906, 11)04; abst. .l.S.C.f., 100;>, 24, 4.'')4; F.f’. 
,SS30r,4, 1907. 

3. li.S.P. S4.5374, 1007. A mixture is m.ade of 400 parts of glacitd acetic 
aciil and 20 parts of benzolsulphonic aciil. Into this is put 100 parts of high- 
grade hleached cotton roving. This is allowed to rnnain uidil it becomes perfectly 
and uniformly saturated by the liipiid. The cotton is then squeezed or pressed 
until it retains approximately one-half the licpiid first used. In other words the 
cotton now holds mechanically say 200 parts of glacial acetic acid and fO parts 
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ester' is practically eliminated by first producing a hydrocelluloae 
which, instead of being friable and with no strength, is practically as 
strong as the original cellulose. This is then acetylated at a temperature 
of I.")-20°, whereby danger of degradation of the ester—which takes 
])lac(! so readily at more elevated temperatures—is obviated,' 

t)f bcnzolsiilplionic aciil. Tho cotton is allowed to remain in tlii.s condition at 
1.5-20“ for about twelve hours, at the end of which period it will Ik- found to 
have been converted into a hinlily reactive modification of cellulose in which the 
orijilnul fibrous structuro is still present. Tho socond ati‘p in the process is car¬ 
ried out. l)y prt'parinK h mixture of 300 parts acetic aidiydridc and 1,200 parts ben¬ 
zol. ]n this the modified cellulose, made as above, and .still oontaininji; about 
200 parts of jilaeial acetic acid and 10 jrnrts iMuizolsulphoriic acid, is allowed to 
stand at room bunperature for al)out eiglitecMi liours. 'Wfien tho reaction is complete, 
as ascertaiheil l)y removing some of the product and determining its solululity 
iu eiiloroform or acetone or other appropriate solvent for the particular ester toward 
liie mamifaeture of wliieli tho process has l)een directed, the ester is freed as far 
.‘IS possible from ah liipior liy “ wliizzing” in a centrifuge, and is then washed and 
drieil. 

.\moug the imjuirtant a<]vantages offereil by this process may l>e enumcratoil 
the complete control wliich results from the moderation of the rate of esterifica¬ 
tion by reason of the low UMnp«'rainr(* at which the same Is conducted coiifhed with 
the influence of the benzol, or its eipiivalent, in restraining tho reaction: the ease 
of testing the progress of the process anil of .slopping it at any time desired; the 
laruM' (juantities of material which may be handled without endangering the ipiality 
of tlie. product, and finally the ease of washing and ilrying tlie product in bulk. 
In anotlier process he takes 100 parts hyflrocelluloso prepared oy his patcnbsl 
methf^H (r.S.P. 700022, 1002), and while still moist witli the hydrolyzing acid, 
is plaeeil iu a bath of 3 parts acetic anhydriile, and 12 parts benzene and allowed 
to remain at room temperature for al)out eighteen hours. When the reaction iscom- 
jOete, as determined by t!i<‘ solubility of the orofluct in chloroform or acetone, the 
mass IS cenlrifiigally e\trae1ed, washed and dried. The important advantages 
claimed by this method is llie complete control resulting from the moderation 
of till' rate of esierifiealion due to tlie low temperature of acetal ion, and tlie restrain¬ 
ing action of the benzene, together with the ease of testing progress of the reaction 
and ability to stop same whenever de.sircd. 

Murk has alfso discovered (I'.S.P. ^>72401. 1010; K.P. 20072, 1010) that methyl 
formate, a highly volatile liquid Ixiiling at about 32°, which is the ester formed by 
tlie coiideiisalion of methyl aleoliol and formic acid with tho elimination of water, 
is also a very excellent solvent for cellulos(‘ acetate, and with it solutions of collulo.se 
acetate e:in lie made of a eoneentration comparable with those produced with chloro- 
f.'vm; for exam|)le. cellulose iwetate of a (|uality from which can Ik‘ j)roducod tough 
lilms can be (‘asily dissolved in methyl formate in the proportion of at least 24 oz. 
ol e^ hiiloso acetate to 1 gal. methyl fonnato. Methyl formate is a much more 
powerful solvi'iit for cellulose acetate than aeetmie, and has distinct advantages 
over eiiloroform. Jt Ls not necessary for all purposes that methyl formate be 
used alone as a solvent for the cellulose acetate, for it may Ixi <le.sirublc to modify 
l!u‘ rale of evaporation of the solvent, which may lie done by adding to the methyl 
formate a less volatile solvent such as acetylene tetrachloride or plieiiol. To 
solutions of cellulose acetate in methyl formate can lie added limited quantities 
of liiiuids wliieh an' non-sol vent.s of cellulose acetate; as, for example, benzol or 
carbon tetraelilonde, such non-solvents modifying the rate of evaporation and also 
serving as diluents. 

1. R. Sthamer’s process (D.R.P. 123121, 1001) consists in heating a mixture 
of hydrocellulose, acc'tic acid and acetylchloride witli sulphuric acid to fi.'i-TO®. 
Wohl (Charhitlenburg) acetylate.s by means of a mixture of acetyl chloride in 
nitrobenzene with zinc chloride or pyridine or quinoline. Sec also F.P. SOsrilX), 
1001 . The solution of the acetylcellulose in the reacting mixture is prevented 
by dilution witli an inert liquid ns ether and benzene, the acetylation proceeding 
more rapidly when the cotton is damped, as with sulphuric acid. Tlie process 
is us follows: 10 k. dry, degreased 'Coiton are heated with 50 k. acetic aidiydride 
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Formation of Cellulose Acetates from Regenerated Cellulose. 

Advantage has been taken of the greater reaedivity of cellulose obtained 
from the splitting off of carbon bisulphide from viscose, or from cellu¬ 
lose recovered from its cuproammoniacal solutions. Cellulose hydrate 
(mercerized cotton) has also been used as the source of the cellulose. 
0. Gross and M. Bevan i take cellulose obtained by precipitation 
from zinc chloride or ammoniacal copper solutions, and mix the cellu¬ 
lose hydrate thus obtained in the pi-oportion of one to two ecpiivalents 
of zinc acetate to one equivalent of cellulose. After thorough incor¬ 
poration of ingredients the mixture is dried, and then dehydrated 
by heating to 110°. This intermediate product is finely ground and 
mixed .slowly by stirring and cooling with a definite quantity of 
acetyl chloride, the temperature being kept below 30° during the 
entire addition of chloride. The quantity of the latter taken is calcu¬ 
lated at two molecule efpiivalenls of chloride to one of zinc ai'Otate 
in the intermediate jiroduct. The agitation is continuetl until the 
reaction is completed, care being taken that the temiierat.ure .does 
not rise above 50°. The product of reaction is treated with water 
to remove zinc salts, and after thorough washing is pressed and dried.- 
It is claimed that the manufacture of cellulose acetate by heating an 
equimolecular mixture of cellulose and magnesium acetate with two 
molecules of acetyl chloride, with or without further addition of acetic 
anhydride, cannot be carried out on a large scale, owing to t.ho impossi- 
Irility of controlling the reaction, which, although slow to begin with, 
invariably irroceeds at an increasing rat.e, causing a rise of tem¬ 
perature fatal to the desired result. Moreover, the final product 
obtained, if not destroyed, or at least seriously affected by the heal, of 
tlie reaction, is obtained in the shape of a cake of enoi'inous toughness, 
the further working of which almost amounts to a practical impossi- 
bility. All these difficulties might be avoided if the reaction between 
the acetyl chloride and the cellulose would take place in the presence 

coMlainiiig 5% sulphuric acid, and LIO k. toluene, at a tempera! uro of 70", wrung 
out, waslicd and dried. See also F. Bayer ik t'o., D.ll.P. lS.5.Sii7, 1002; .\ddition 
to U.R.P. l.'>»524, 1005; Aust. P. 01301, 1000; Cliem. Centr., 100.5, 2, 527. 

1. U.S,P. ,530<S2G, 1804; E.P. 18283, 22020, 1800. 

2 . In order to separate residues of unattached cellulose from the cellulose 
acetate, the dried product is treated with solvents, such as chloroform, which dis¬ 
solve the cellulose acetate but not the cellulo.se itself. 

, The solution of cellulose acetate is filtered, or clarified by long standing, and the 
solution filtereil or poured off from the insoluble matter may then be, used. 

The acetyl chloride used in the process may be diluted with chloroform or ethyl 
acetate {free from water and alcohol) in order to moderate the reaction and the 
resulting temperature, h’rom its solution in chloroform it is obtained in trans¬ 
parent films or sheets according to the thickness of the. layers evaporated. Hence 
it may be used as a substitute for collodion in many applications, such as surgical 
work, to supply a temporary and artificial skin or in closing down bandages; also 
as a varnish in special cases where collodion varnish is now used. 
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of a quantity of some solvent suffieient to dissolve the acetyl cellulose 
at the rate at which it is formed. C. Weber and C. Cross* have 
observed that in preparing an acetylizing mixture as above described, 
and allowing the reaction to start-, certain solvents may be added in 
at first very small quantities, increasing, however, in volume as the 
reaction proceeds. Under these (urcmmstances the addition of the 
solvent, although distinctly restraining the reatdive energy of the 
acetylizing mixture, i.s no longer able to stop the reaction altogether, 
which in this manner is easily kept under control, and finally results 
in the formation of a thinly viscous solution of cellulo.se acetate. 
Of such solvents, they have found nitrobenzene, its homologues, 
epichlorhydrin, and di<'hlorhydrin juirticularly suitable.^ 

In the process of Basil Boesch ■'* dry viscose is treated with a mix¬ 
ture of acetyl chloride and acetic anhydride in varying proportions 
according to the degree of acetylation which it is desired to obtain 
and also to the amount of moisture still remaining in the viscose. 
The usual proportions for the preparation of cellulose ar^etate being 
‘2i) parts of dry viscose, 10 parts of ac^etyl chloride, 20 parts of 

1. U.S.P. 027031, 1901; Nnr.P. 7010, 1K9S; Port.!'. 2899, 2930, 1899; U.R.P. 
10.')317; Uiws.P. dated Aug. 14, 189S; dated Oct. 11, 1898. Weber, (Voss and ,1. 
I'Vankenburg, U.S.P. ()32(i()’), 1901; E.P. 18283, 22029, 1898; (’an.P. 62188, 63101. 
1899; D.H.P. 112817; (Voss and Bevan, Belg.]'. 113156, 1894; E.P. 9670, 1894; 
D.H.P. 8.5329, 1894; 80308, 1895; E.P. 243,540, 1.S94; (Voss, K.P. 282320, 1,899; 
Cross and WcIkt, Daii.P. 2630, 2,5,58, 1899; Wclier and (bms, D.R.P. 112817; 
Rush.P. 3204, 3378, 19(HI. 

2. In carrying out this invention 3 lb. of an cquimolecular mixture of cellu¬ 
lose iiiul magnesium acetate is emploved—i.e., a mixture of 1.6 lb. of cellulose, 
preferably such as is obtained from the sulpho-carbonate of cellulose, with 1.4 
of magnesium acetate. To this is added 1.8 lb. of acetyl chloride and 11b. of 
acetic anhydride. This mixture is now placed in a kneading machine provided 
with a heating or refrigerating jacket and the ma.s.s most intimately mixed. As 
soon as the reaction has gained an appreciable start. 1 gal. of nitrobenzene, or 
eijuivalcnt of its homologues, or epichlorhydrin or dichlorhydrin—is added, at first 
in very small quantities, adding a further quantity only after the previous addition 
is absolutely homogeneously incorporated into the acetylizing mixture, the addition 
as to quantity and time being regulated in such a manner that the last and largest 
portion of the solvent is added at about the time when the reacting mixture has 
reached its temperature maximum, which .should not exceed 70°. The agitation 
of this mixlure is then continued for three consecutive hours, when a thinly 
viscid solution of the acetate, is obtained, containing only mere traces of lower 
acetates or unaltered cellulose. This solution now, while still in the hot state, is 
strained and then immediately run into 5 gal. of alcohol. The acetate separates 
out in the form of fine white flakes, which arc separated from the mother-liquor 
by filtration, washed with warm alcohol, which washings are added to the motlier- 
li(|uor, and then fdter-pres.sed. The product thus obtained is without previous 
drying broken up and stirred in a very thin pulp with water, which is then heated 
until all traces of the organic solvent are driven off. The acetate is now 
again filtered, washed first with warm water slightly acidulated with hydrochloric 
acid in order to remove the last portions of magnesium salts, and the washings 
then carried to neutrality with clean warm water. The product ia then pressed 
and dried at a temperature not excee<iing 80°. 

3. U.S.P. 708456, 7084.57,1902: F.P. 308.500,1901. 

4. IVepared according to U.S,P; 620770, 1894. 



1002 


NITROCELLULOSE INDUSTRY 


ilcetic anhydride, the latter bein;; in exeens in order to bind the moist- 
'nre (water or alcoliol) finally retained by the viscose and also for defi¬ 
nitely saturatiiif!; the viscose hydroxyls with acetyl radicals.* 

Purification. With the except,ion of unchanged cellulose or 
hyilrocollulose, all the components of the reacting mixture are .soluble 
in water, with the jiossilile exception of the diluents added to mollify 
the I'eaction and keej) the temperature reduced. Hence the acetate 
may be purified by jiouring into a large volume of water, similar to 
the imrificatioii of the nitrate. The mass is then pressed, washed 
with cold water with or without a trace of carbonate until entirely 
neutral, centrifuged and dried by artificial heat under ">0°. The 
unacled-ujion cellulose, if present in anj' considerable (piantity, may 
be removed by dissolving out the acetate and filtering, selecting the 
solvents for the partievdar class of acetates jirodiu'ed. Phenol, or, 
more usually, chloroform and ethyl acetate, are the solvents used. 
For the removal of the difficultly soluble diluents, the mass is first 
pressi'd, washed with cold water, and the diluent I'cmovcd by a separatory 
funnel after the combined liquids have been allowed to stand at*rest 
foi’ some hours, for the separation to become conqilete. The acetic 
anhydride may be extracted from the aqueous ])ortion by shaking with 
a light-boiling petroleum distillate, and separating by fractionation. 
In the ])atented jirocess of Lederor,^ in which carbon tetrachloride 
is used as the sejiarating agent, it is mixed 'with the acetyhV.ed cellu¬ 
lose until a paste is formed, which is jiressed and dried.^ 

Pouring the product of reaction into water highly dilutes the com- 
])arativel 5 ' e.xqiensive solvent.s, acetic acid, acetic anhyilride and acet.yl 

1. As the reaction is a very energetic one. tlie container or acetylizing apparatus 

willi the viscose in it is preferaiily thoroughly chilled before addition of the acetyl 
chloride and acetic anhydride. It is also well to previously chill these chemicals. 
After Rradual adtlilion of the cooled acetyl chloriile and acetic anhy<iri<le the tem¬ 
perature rises very quickly to about and should be kept down as much us 

jiossible, at least in the first sta^c of the process. After addition of the whol(‘ 
(jiiantity of the chemicals and thorough stirring of the mixture, a solvent is added 
in order to carry the reaction to the end. This solvent may be chloroform, nitro¬ 
benzene, nitruloluene. glacial acetic acid, or others, or a mixture of them. 
I''or the pR'paration of lower acetates tJie temperature is lowerofl, h*ss acetyl 
chloride is taken and acetone used as a solvent. After addition of the solvent, 
which shouM be usf^d in a quantity s\ifFicient to dissolve the theoretical amount of 
cellulose acetate fonm*d—i.e., about ten times the weight of cellulose containcil In 
the visco.se originally taken —the container or apparatus is heated for several hours 
until substantially all The viscose has gone into solution, and during this fieating 
tlie temperature should not exceed 100°. After conclusion of the reaction the 
solution of acetate in the pnrtic\ilar solvents selecb'd is poured into an etpial bulk 
of ethyl alcohol, which precipitates the acetate. After separation of the jirecipitated 
acetate by filtration from the alcoholic mixture containing the solvent, the acetate 
is washed with fresh alcohol, or l)oiIcd with water, until the last traces of alcohol 
or solvent have been boiled off. 

2. TJ.S.P. fi02(Xl3, 1908. 

3. Sec C. Weber, Gum. Ztg., October, 1899. 
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chloride, the .subsequent re(!overy of which is often complicated by 
the presence of the restraininf;; agents, as nitrobenzene or chloroform. 
The common method of purifying cellulose a(«tatcs by precij)itating 
the ester by alcohol from its solution in uitrobenzene, chloroform, or 
a(!etone, in wdiich solution the exce.ss of reagents is usually carried, 
is expensive on account of the cost of alcohol, and is further com- 
])licated by the tendency of the alcohol to react with the csterizing 
agent, such a.s acetyl chloride, forming thereby esters as ethyl acetate. 
Similar difficultie.s are encountei’ed in the formation of cellulose estei's 
by' methods involving the use of the anhydrides or chlori<les of the 
acid radicals. B. Boesch' has found that the difficultie.s arising from 
the esterification of the pi'ccipitant or contamination of the product 
with the .solvcnt.s~a.s, for example, in the use of nitrobenzene or 
chlorofonn—may be obviated by the u.sc of a neutral hydrocarbon, 
as naphtha or other light petroleum oil, or benzol, as the agent for 
lirecipitatiug the esters and washing away (he excess of reagents. 
He has found these neutral hydrocarbons active solvents fur acetic 
anhydride, acetyl chloride, chloroform and nitrobenzene, singly or 
mixed together, as well as acetic acid in presence of the above 
reagents which are associated with the cellulose ester after its 
formation. 

Cellulose Tetracctatc. The preponderance of evidence at present 
is that a cellulo.se tetracetate does not exist, and although bodies have 
liecai obtained which upon saponification with alcoholic potash liax'c 
given rcsult.s indicating a tetracetate, such results are in error from 
the fact that a poi-tion of the alkali is used up in neutralizing decom¬ 
position products of the (cellulose luolecuilc itself,- It has been described 
as entirely insoluble in carbon tetrachloride, methyl and ethyl alcohol, 
tint soluble in ethyl benzoate, chloroform, and glacial acetic acid. 


1 . U.S.?. TO.St.'iT, 1002. 

2. for oonscpiitivc stiUcnicnt of this controversy sec riicm. Soc. Ann. Hep., 
1004, 1, (iO, 70; 100.7, 2, SO; 1000, S, 01; 1007, t, SO; lOOS, .t. SO, The exustcncc 
of a tcl.racetatc wouht not Is* in accord with lire constitutional forinnla for cellu¬ 
lose proposed (Zeit. Karb, Text. Ind., 1001, 3, 07, objected to by dross and Bevan, 
Ibid., 1004, 3, 107; answered l)y (iri'en. Ibid., 1004, 3, ilOO, nxliscussed liy dross aiid 
Bevan, Ibiil., 1001, 3, 441}. dross anti Bi'Viin, (Ml., (IS, SI 1; Ber., 12. 20.')0; It, 120(1; 
d.N , H."», 77; J.(I.S., bSOO, 1; l,Sil.5, 43.), 447. A. (irei'ii and Perkin liavo rein- 
vesiipited tlie supiKised tetnieetale and come to 1h(' conelusion lliat a triacelide 
is tlie hiKlio.st acetyl ilerivative forincil. For ccdluloso tetracetate and Inilyrale, 
sei‘ d. Weix'r, Z. ang, dheni., bSOO, (ium. Zts- ISOO, It, 40; ,1. Soc. Dyers, ISOtl, 
l.i, 124; d.iN. ISOO, 80, 247; Valenta, Phot, dorr., I'lOl, 38. iiOi). Be'rl and W. 
Smith (Ber. 1007, tO, 00.4; ahst. ,l.d.S., 1007, I, 2S0) in their work on .acoto- 
nitrales e.oiilil olitain in no Ciise a derivative higher than a triacetate. Sec D. 
Law, dhem. Zeit., 100S, 32, 30.'). The results of L. Vignon and F. (Uierin, d.H., 
loot), 131. .7S,'): Bull. S(H'. cliim. 1001, (3) 25, 130, on acelylated cellulose anil oxy- 
celluiose ))ointeil to a liOra derivative. 
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According to a recent patent i an almost theoretical yield of tetracetatc 
may be obtained by conducting the acetylation in the presence ol 
methyl sulphate, the process being given as follows; 110 parts of cotton 
are treated in a bath with 70 i)arts acetic anhydride, 120 glacial acetic 
acid, and 3 of methyl sulphate until solution is nearly completed. 
The solution is then filtered, the filtrate ])reci])itated by pouring into 
a large volume of water, and the acetate neutralized in the usual 
manner. It i.s stated that if a solution of thi.s acetate in chloroform 
be poured upon a glass plate and allowed to remain until the solvent 
has evaporated, a film of great trapsparcncy and tenacity results. 

Cellulose Formate, as Borl and Smith have .shown - may be 
prepared (the monoformate) by the action of nearly absolute formic 
acid upon cellulose in the presence of acid, the i)roportions being 
5 of sulphuric acid to 100 parts (by weight) of anhydrous formic 
acid. According to R. Woodbridge'* when formic acid of sp.gr. of 
1.20 is substituted for the anhydrous compound, no formate is pro¬ 
duced, while, on the other hand, where the most concentrated acid is 
employed filter paper previously dried at 100° is a.s efheied. us .start¬ 
ing material as the hydrocellulose i)rejiarcd according to tne meth''I 
of tllrai'd. His method i.s to treat d'ied filter papei !) parts with for¬ 
mic acid sp.gr. 1.22, oO gm., and salphuric acid .1 gni. foi sixteen hours 
at 30-35°. After filtration by “thinning” with more fonnic acid, 
precipitating with water, neutralizing and drying, the product obtained 


1. K.P. tmos, 1905; Ik'lg. I’, 137577, 1:18402, 1,898; D.H.I’. 8,)329, S0:l0.8, 189,5; 
10.5;147, 1898; 12071:1; F.P. 2,80248, 1,898, .ml First Addition thereto dated (lei. 
19, 1.89.8; Luxonib. I’. :i:!02, 3;l()l, 1898; Anal. I’, dated, Jan. 1, 1,899; Feh. 4, 1.899, 
8105, 1902; llunp;. P. dated .Aug. ;11, 1898, Nov, 8, 1898; the Henckel-Donncra- 
marck process for cellulose tctracolate is as follow,s: 720 pn. puw cellulose (pref- 
erahly prepared from the aulphocarlionate) is mixed with 030 rtm. maj'nesuini 
acetate in a kneading machine with 810 gm. acetyl chloride and 450 gm. glacial 
acetic acid of at least 99% .strengtli. When the reaction commences 4.5 1. nitro- 
Iwnzcne is added in small portions, the addition Iwing so arranged that about 
lialf is added by the time the mass has risen in temjK'rat.nre, to 70°. The remaiir- 
ing half is then added in one portion stin-cd to prirvent increase of tom[XTature 
when the entire mixture is slowly agitated in a mixing machine for three hour's. 
The result is a thin homogerteons solutiorr of the tetr-acelale n'lidered opahrscent 
l>y a small amouirt of lower acotate.s and unchanged cellulose. 'J’his solution, 
which has a temperature of abrrul .50°, is jroured slrrwly into 22.5 I. of 95% ethyl 
alcohol, and the white flocculont prccipitatrr of tetracctate drained and irresscd. 
ft is then comminuterl without previous drying, boiled with water until last traces 
of solvent have Iwen di.s.sipatcrl, when dilute hydrochloric acid (e(|uivalprit to 2%) 
is arldcd and heating continued to remove all traces of magnesium .salts. The 
precipitate is then pressed, washed with water to a neutral reaction and tlrirrrl at a 
temperature of not to exceed 55°. Of the homologues of nitrolxmzene, llenckle- 
Donncrsmarck has used with equal success o-nitrotoluenc, p-nitrotolucnc, o-nitro- 
othyUenzene, and the nitroxylols anrl nitrocuininols from isopropyllrcnzene. 

2. Her., 1908, 40, 907. 

;i. J.A.C.S., 1909, 31, 1067. Bauman and Dresser (F.P. 396305, 1908) obtain 
Obroin from silk by treatment with absolute formic acid, which in turn may be 
okpO t.o nrnHocft a cclhilosp. formate, for ii.so as an arti6eial Olament. 
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was found to be soluble in formic acid, zinc chloride, insoluble in 
dilute acetic, sulphuric or hydrochloric acids. The ester was also 
insoluble in the following organic solvents: methyl, ethyl and amyl 
alcohols, ligroin, acetone, chloroform, acetylene tetrachloride, carbon 
tetrachloride, ethyl or amyl acetates, aniline and nitrobenzene. The 
insolubility of the formate in acetylene tetrachloride is a qualitative 
distinction and separation from the acetate. Saponification yielded 
23.1'/(/ formic acid, the monoformate requiring 24.2%. According 
to the Vereinigte Glanzstoff Fab. A..G.,i a suitable raw material 
as a source of cellulose, is the “ waste ” which is produced in the 
manufacture of any of the artificial silks from cellulose.' This waste 
is readily dissolved by gently warming with ordinary formic acid of 
!)0-l)5% strength, and from solutions of suitable concentrations 
threads or films of formylcellulose may be obtained by the usual 
methods. A. Schlosa^ obtains an aceto-formate, by dissolving cel¬ 
lulose ac('tate in formic acid. 

.According to the patented process of J. Bemberg^ the most suitable 
dehydrating agent for the preparation of cellulose formate is gaseous 
IICI, the process being to add 2-4 parts dry HCl gas to 100 parts 
formic acid of at least 9S''(' strength, whereupon 20-30 parts cellu¬ 
lose are gradually added to the mi.vture. After a few hours the mass 
is in condition to be kneaded. Aided by repeated stirring, nearly all 
of the cellulose eventually pass(3s into solution within twenty-four hours, 
the temperature being kept within 15-18°. The mass is precipitated 
in a large bulk of water, and washed as usual, when it becomes soluble 
in formic or acetic acids. It mu.st be remembered in working with 
absolute formic iicid that frightful burns may result from the mere 
si)illing of tlio acid on the epidermis. 

Advantage has been taken ^ of the fact that cellulose dissolves 
j-eadily in concentrated formic acid in presence of sulphuric acid or 
zinc chloride, with the production of cellulose formates. According 

1. It.I’. l.'iTOO, ItilO. 

U it 1’. (i.'i.M. inOtl. Si'c F. Bayor & Co., F..1’. 24nS0, lillO. 

3. E.l’. 1!K)7; D.R.P. lS<)8:tti, lsn,S37, 1908; abal. Chem. Contr., 1908, 1, 

320; La Socictc Honiberg, F.l^. ;t7()262, 1907. 

4. By .Vilritfabrik Akt.-f.es , F.l’. 40')29;j, 1909; E.I>. 1703(1, 1909; pmciw 
paUaitoil in tbcU.S. by 8. von KaptT as U.8.P. 953077, 9.5,5082, 1910;al)st. .J.S.C.F, 
1910, 29, 417. In (hi'ir D.R.l'. 219102, 219103, 1907, ecllnloso formate mixtures 
are obtained by dissolvins eelluloso in sulphuric aeid of aiiout 5.5“ Rd., precipitatini’ 
with HjO , washiiiR, and dissolviiif; in formic acid after drying. The cellulose 
which has licen dissolved in water and prccipitafed with water is thoroughly 
freed from sulphuric acid hy washing with water. In this state the cellulose dis- 
•solvcs in fonnic acid with other additions, as sulphuric acid,or HtU to form mixtures 
of coUulose mono-, di- and tri-formate. From this solution the cellulose can lie 
separatecl as usual as artificial silk, etc., and the solvent recovered without change 
or loss. In D.R.l’. 219163, the cellulose is dissolved in mixtures of formic acid and 
sine chloride. 
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to the invBlition tfie treatment with the mineral acid or zinc salt may 
.be pesi^ormed-tn a separate operation and the product subsequently 
ftssttlved in formic acid alone. For instance, cellulose is treated with 
sillphuric acid of 5r>° Bo. uiiLll it forms a thick, vi.scous paste. The 
phste is poured into w'ater and the precipitated cellulose is recovered, 
washed free from acid, and dried; the product is then dissolved in 
concentrated formic acid with the production of cellulose formates. 
According to another method, 50 parts of zinc cldoridc arc dissolved 
in 40 parts of dilute fonuic acid, and cellulose is treated with this 
reagent until dissolved. The product is precipitated, purified, dried 
and dissolved in concentrated formic acid as described. Solutions 
of cellulose formate may also be j)roduced in a single o]ieratii a by 
treating ecllulo.se with a solution of 30 parts oi zinc chloride in 100 
part,s of concentrated formic acid until the cellulose is dis.solved. 
Cellulose mono-, di- and tri-fonnates arc obtained (cellukise being C(0. 

Cellulose Propionate may be prepared ‘ by thci action of pro¬ 
pionic anhyilridc or in'ojiionyl chloride upon cellulose in the presence 
of an active dehydrating agent such as zinc chloride (u sulphuric acid, 
the tripropionate being formed, ft is completely soluble in chloro- 
fonu and ethyl acetate. The other ))roj)erties ari! stated as essentially 
the same as the normal acetate, the latter being (jirobably) insoluble 
in ethyl acetate, a (pialitativo distinction. On spontaneous evapora¬ 
tion of a chloroformic solution, the tripropionatc films formed are, 
not superior to those of the corrc.«ponding acetati;, while the cost 
of production is much higher.- (lellulose butyrate and mi.ved esters 
of the monobasic fatty acids higher than acetic, according to Web(;r 
and Cross,^ may be formed on a commercial scale. The method of 
procedure is to mix intimately 1G2 parts of cellulose, preferably obt ained 
from viscose, with a concentrated aquetjus .solution of 1!)S jjart.s magnes¬ 
ium butyrate, the ma.ss being evaporated to dryness on the water 
bath with .stirring. To this mixture 215 parts butyryl chloiidc and 
a small quantity (about 25 parts), butyric anhydridi; are achhsl. 
After standing some time, the temperature rises and the mixture 
Iregins to thicken. Nitrobenzene is then grailually added in smii,ll 
portions at a time, in (quantity sufficient in each instani'c to keep the 
temperature of the entire mass not higher than 70°, and to insure 
the fluidity de,sired. Upon completion of the reaction the mass is 

1. R. Woodbridge, .I.A.CtS., 31, 1009; Hcrl and Smith, Her., 190S, 40, 

1907; Hemherp, D.R.P. 189830, 1907. for descriptive, review of the propionates, 
including the esters, sec A. Dubose, Rev. gfn. chiin., 1910, 12, 333. 

2. Knoll & Co., D.R.P. 206950, 1907, being Addition to D.R.P. 203178, have 
patented a process for its manufacture. 

3. U.S.P. 63260.5, 1899; see Chcin., Ztg., 190.5, 29, 607. 
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precipitated out with water, pressed and dried after neutralization..^ 
The acetosulphates,^ benzoates,® acetopropionates,'* and other e'StCTs; 
are claimed as products of commercial value, but as yet that vafue, 
has to be demonstrated. ' • 

Starch Acetate.® According to Schiitzenberger ® on digesting 
starch with acetic anhydride at 140°, an amorphous triacetyl deriv¬ 
ative is formed. Watts Diet. Chem., 5, 410, line 2, records that glacial 
acetic acid in a sealed tube with starch converts it into “ soluble starch,” 
but no authority for the statement is given. A. Michael,' in endeavor- 


“ obtained if the above mixture of 1C2 parts of cellulose 
with IPS parts of magnesium butyrate is treated with two molecules of .sonu! acid 
chloride other than butyiyl chloride. Treatment with 1.57 parts of acetyl chloride 
and about 25 parts of either acetic or butyric anhydride yields a cellulose aceto- 
butyrate. Ihe reaction is otherwise eondiictcd exactly a,s described above. In 
working with thcjiigher fatty acids from hcpt.ylic or oenanthylic acid upwaril it is 
desirable to promote the esterification by heating the mixtures to temperatures 
not exceeding iiU-100°. ' 


fhtty acids that may be employed are the monobasic tatty acids from 
*■ jl't'Jji. acetic acid up to ('lolhufh. stearic acid, and angelic, hcxcnolc, hypogaeic, 
and oleic acid, also aromatically-substituted acids, such as plienyhvcctic nr phciivl- 
propionic acid. 

2. ,I.S.t' I., 1000, 19, 110.1; 1901, 20, 711; E, Ucrl and W. Smith, Ber., lOOS, 
40, lOO.i; ahsi. J.S.(',I., 1907, 2(1, 270; lOOS, 27, ,535; Cross, Bcvaii and .lenks, 
Bcr., 1001, 34, 2496. 


I'*'*-’ -1' ’'5,50; 1901, 23, 9,50, 1159; 1905, 24, 
4,51, (>S,5, 74S, 12.51, neiickel-Donneramarck has described the preparation of 
cellulose aceto-butyrate, accto-propioiiate, plieiiylacctate and palmiiate, wliich 
as yet, have shown no commercial value. 


•1. Acconlmg to C. Claessen (l).R.I'. 2224,50, 190,S), eellillo,sc is converted into 
esters whieh are soluble in water, dilute alcohol, dilute acetone, and glycerol, but 
insoluble in pure alcohol or .acetone, ether, and Iwiizenc, by tnaitment with anhy¬ 
drides of fatly acids at temperatures of 70-80°, in pivsencc of acid .sulphate of 
pyriilinc or its homologucs, or i|uinoline sulphate. If the esterification is curried 
out in presence of a suitable solvent, such as glacial acetic acid, Ihe ester is obtained 
in the form of a clear, viscous solution, from which it may 1)C piecipitated by means 
of alkalis or ammonia. I'or example, ‘2-.5 grn. of cellulose, 15 gm. of glaciid acetic 
acid, 12 gm. of projiionic anhydride, and 1 gm. of acid |iyridine sulphate are heated 
at, 70° for four days; the product is a clear, vi.scous mass. The aqueous solutions 
of this ester arc liquid when wami, and gelatinize on cooling. ,8ulpluites of aniline 
and bases other than ]iyridiiie also act as “ contact substances,” but do not give 
aolubli esters. 


5. The manufacture of starch format.ea has not, as yet. been very successful, 
due to the fact (hat the esters after fonnation were uns'talile and h.a<i a tendenev’ 
to eliminate formic .acid. Technically, fonnic acid, on account of its vigorous 
action, would presumably be of considerable value, but the acid cannot be directly 
sprayed on the starch, which it swi-lls greatly. Although its aqueous solution's 
have been carefully experimenteil with in attempts to formylatc starch, satisfactory 
conversions have not been obtained; 40% formic acid swells starch in the colil 
while 10% solutions swell starch at, 40°. With less quantities of acid, hydrolysis 
rather than esterification results. However, it was found that a mixture of 
ordinary methylated spirits and 90% fonnic acid docs not swell starch at ordinary 
temperature, but the time of conversion lias to be carefully gauged in order to 
avoid the formation of w'atcr-solublc proiliicts. Tor process of manufacture .see 
U.S.r. 778173, 1904. For carboJiydrate esters of the higher fatty acids especially 
mannitol stearate, sec W. Bloor, J. Biol, f'hcm., 1910, 7, 427. 

0. Scluitzenberger and Naitdin, Bull. Soc. Chim.,’ 1809, (2). 12. IIO- Ann 
Chim. Phys., 1870, (4), 21, 235. . . w, , 

7. iVui. Chem. Jour., 1883-1884, ,5, 359. 
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ing to differcntiiitc (chemically l)otwccn potato and comwtarch a(je- 
tylaled these with accctic anhydeide and with acetyl chloride and studied 
the properties of the esters formed. In 1901 I'. Prengl' jnihlished 
his work on the acetylation of standi, Z. Skraup and II. Ilainburgor^ 
having shown two years previously that .starch on moderate acetyla¬ 
tion gives an acetid compound which when hydrolyzed with acids 
yields a product luu'iiig all the characteristics of soluble starch.-* 
Oi'oss, Bevan and J. Tra(]uair,^ in 1905, and the latter three years 
later,described experiments on .superficial acetylation of starch, 
leading up to certain patented methods ** for the formation of slai-ch- 
celhilose acetate, a product known commerciidly as “ Eeculose,” 
and for which a wide field apiiarently has lieen opened up. 

The product is not formed liy the aqueous hydrolysis of starch; 
in fact, it is best practiced in the idisencc of water, on account of the 
latter swelling the starch granules, and differs from soluble starch 
both in chemical propcrtii's and in the fact that it dissolves comiiletely 
in boiling water to a clear solution, which docs not gelatinize or 
separate out for some tinu!; resists lh(( action of ferments, and when 
dried yields a colorless, continuous film. In preparing this matvriid 
some form of starch—jn-eferably farina or potato starch—is drital at 
80-100° in fine ymwdcr, and fed into a vessel such as a rotary steam- 
jacketed converier, glacial acetic acid being added in the in-oportion of 


1. Mon.atshf., IflOl, 22, l(Mf>. Hr treated soluble starcli prepared by Zulkovvsk.y's 
method with 10 times its weight of acetic anhydride eonlaiuiiig 1% of sulphuric 
acid, at ordinary temperature for forl.y-eighl liours, a triacetate on a ('j formula being 
obtained. The'product was inBolul>lc in water and alcohol, gave no coloration with 
iodine, and no reduction with Kehling's solution. J’reiigl found that with ordinary 
starch and acetic acid containing 1% sulphuric acid, acetylation takes jdacc very 
slowly at ordinary temperatures, but if lieated to 110“ on tla- water bath, the starch 
quickly swells and soon goes partly into solution, while if an cipial volume of glacial 
aectic acid is added, entire solution occurs in a few nnnutes. .\ voluminous graiudar 
precipitate is fonned by iiouring the mass into a large volume of cold water, the 
yichl being but Oil'll,, showing considerable hydrolysis to have taken [)hice. Uor 
action on starch of acetic acid saturated with IK'I gas see, Z. Skraup anil h' jMen- 
tor, Momatshf., lUO,"), 2li, 1115; Skraup, Ber., l.Sfl'.), 32, 2413; also the “ diehloraeetic 
esters,” Klidiaschwili, .1. Russ, I’hys. ('hern. Sik-., through Brewers’ .lour., 1111)5, 
41, 6SS. I). J. Law (Uhem. Zeit., BIOS, 32, 36.5) finds a new aeelylating agent 
consisting of 100 gm. glacial acetic acid .50 gm. zinc chloride and 100 gm. acetic 
anhydriih-, by means of which tlms; acidy! groups (cellulose (1,,) may Ije intro¬ 
duced ird,o cellulose, but does not react with starcli. 

■2. Ber., ISO!), 32. ‘2413. 

3. On energetic acetylation, however, lireaking down occurs, attended by addi¬ 
tion of acetic anhydride, and besides amorphous products, pentacetylglucosc 
(m pt. 113°) is obtained, but only when the product is treated with water. 

4. Uhem. Zeit., 1005, 2«, 527. 

r>. J.S.U.I., lilOS, 27, 28H; very full pajx-r. For “New .\cetyl-cellulose Thicken¬ 
ing Agent,” see Text. Uol,, 1004 , 2(1, 375. 

6. U. Cross and J. Traquair, E.I>. 0S6H, l‘l()*2; U.S.I>. 77H173, 1004; W. Wother- 
spoon, F.P. 3341.54,1004; U. Cross, ll.R.B. 1668'20, 1005; abst .J.S.C.I., 1003,22, 
1008; 1904,23,20; 1005,21,98. 
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onc-thii'd to one-half the weight of the dried .starcliA The vessel is closed 
and slowly revolved until acid and starch ))ecoine well mixed, when 
steam is tunierl iiito the jacket and heat continued for one to two 
hours, and until the desired acetylation has l)een produced. The <ajn- 
verter is kept continually revolving during the heating period, fluring 
which operation or after its completion, the vessel is connected with 
a (.'ondenser to recover the exf^ess of acetic acid. ^ « 

Thus prepared the starch acetate differs t)ut little in appearance 
from unacted-upon stiirch, does not reduce Fehling’s solution, give.s 
the usual blue color with iodine, and, like soluble starch, is precipitiitcd 
by ahtohol or strong saline solutions, and also readily reacts with 
diastase under normal conditions. The acfotylated starch is chem¬ 
ically more reactive than ordinary starch, the washed product upon 
saponification showing that but 1—1',’^, acetic acid (calculating on a 
t'o molecule) has been fixed.^ 

The uses for this pi'oduct, as pointed out by Traquair,® are as a 

1. smaller proportioti—20-aO'X, -<if iwid calculated on the weight of the 
starch may Ijc used, if sprayed by a suitable atomizer upon the starch in a cylindrical 
mixer, and lh(^ latter then cliargod into llie converter. See A. I'haniu'dc, Jl.Il.l’. 
221()S0, lOOK. 

2. Instfiiul of ctuploying acetic aeiil directly, the aciil may he evolved as vapor 
in a se))arale coutiiiner by treatment of an acetate with a non-volaiile acid and 
conducting tiie acetic vaffor into the mixer containing the starch, until the latter 
has ahsorlied alsmt 20'7o of its weight of acid. The mixture is then fed in1,o t,lie 
converter and lieated us descrilfed above. The development of the, process has 
midnly iKien along the lines of limiting the (piantity of acid and perfecting its 
recovery, Init it has Is'en established that 10% of glacial acetic acid on the dry 
stjircii was the minimum whioli would produce useful products, .\lthougli acetyla¬ 
tion may be considerably accelerated liy the presence of small amounts of mineral 
acids along with the acetic acid, care has to lie exercised in the control of tlie con- 
\-ersion, that th(' yield is not diminished by the formation of water-soluble products. 
The aeetylated st.arch as it leaves the converter contains 4~.i% absolute acetic 
acid uncombined, w'hich is best eliminated by washing with small portions of cold 
water. It is therefore obvious that the conversion must be liinitefi to the. forma¬ 
tion of products which are waiter-insoluble, because if the reversion is carried too 
far, not only does the loss become serious, but the aeetylated starch gr-anulcs appear 
to hydrate in cold water to a colloid, glutinous mass. Under proper conditions, 
however, ae.et,ylated starch can be W'ashed and dried like ordinary starch. 

2. If dilute acetic acid is used, water cannot he. used as the diluting medium, 
which on heating has a swelling effect on tlm .starch granules. Alcohol and oilier 
volal.ile liquids have no swelling effects on starch at the temperature of treatment. 
With the use of alcohol a closeil vessel is recpiired, that the fluid may be subse- 
<|uentl.v recovered by distillation. When acid diluted with water is used the 
presence of certain concentrated saiine solutions, as strong brine, minimizes the 
swellilig of the starch. 

4. The effect of this comparatively small amount of acid is out of proportion 
to the .starch aggregate which takes part in the reaction. It appears that con¬ 
stitutional changes result in the starch simultaneously with the luxation of acetyl 
groups, 

^>. F. Farrell (Jour. Soc. D.ycrs and Col., lyffS, 2-1, 2!ll) in describing various 
textile-stiffening agents, points out the uses of l'’eculose in dyeing and French 
cleaning. Traquair (l.c.) claims that its properties as a true colloid enables it to 
confer luster, and also to penetrate and give substance and *' handle’' to textiles in the 
form of yarn or cloth. The clear filming property is especially noticeable in bright 
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substitute for gelatin and certain vegetable gums, as a textile finish, 
and in the confectionery trade.' As a size in place of “ chromo ” 
glue or casein for jjaper manufacture,^ it is said to give excellent 
results. 

A. Militz •' has !issigne<l to F. Bayer & Co., a process for preparing 
acetylated soluble starch, in which 500 paits of potato-flour are 
(juickly introduced with continuou.s stii'i'ing into a mixture of 250 
parts of 9S-9!)% acetic acid with 71 parts of nitric acid (40° Be.). 
The product of the reaction, at fir.st a rather thin licpiid, solidifies 
after a slioil, time to an easily trlturable solid. The mixture is allowed 
to stand foi' about twentj’-four hours, then cold water is added and the 
new j)roduct filtered off, washed with cold water and dried at about 
40°. It looks like starch. It is a white amorphous powder, insoluble 
in cold water, Imt soluble in water of about 70°. In such a solution 
containing about 10-15'^{, it furnishes a glue-like, strongly adhesive 
solution, which can bo kept for weeks, without losing its adhesive 
pj’opcrties. This solution docs neither congeal nor coagulafe. .\ 
solution of about 5% of the acetylated starch gives with iodine! a 
violet color. Aftei' heating on the water-bath a solution of about 
10 % of this acetylated starch with caustic alkali, for example with 
0.5 gm. XaaO to 10 gm. ac('tylat.(!d starch, starch cannot be reecoveired 
from this solution, nor can the formation of starch be observed dur¬ 
ing any stage; e)f the reaction. After saponificatieni with caustic 
alkali einel elistilhitlem uneler the addition e)f phosphoric acid, acetic 
acid is oletaimeel in the distillate. 

Cellulose Acetate Plastics. The ever-imereasiug uses to whieeh 
the pyre)xylin plastie's typilieel by e'clledeeid are being put has rcsulteed 
in much e\])crime!nting in attenupts te) proelm-e cellulose ae'cteite plas¬ 
tics, and thus ce)mbine the twee most elc.sirablc e.ssentials—ine'om- 
bustibility with jihistielty, anel ability to pi'oehme mohhdile forms. 
The first stcjis takeai in this fiedel were iiltempts tee meeelify auel lower 
the infliimmability of the pyroxylin jilastie's by the introeluction of 
varying amounts of cellulose acetate. The merthoel of E. Ziihl is 
to combine cellulose nitrate 70, and cellulose acetate or butyrate 30, 

colors as red or yellow, tlie intensity of which it appears to increase. Il.sed in 
ronjunction with ordinary starch, it is said to impart flexibility and clearness to 
tlie finish, leaving the proportion of starcli to lie varied according to the stiffne.'i.s 
rerpiired. It gives excellent results with linen dress<‘H, imparts the re(juired_apringy 
feel to lace, and does not dull tlie luster of mercerized cotton. 

1. Especially in making jujubes, gumdrofjs, nougat and similar “sweets,” as 
it can be cookeil with sugar and glucose to any “steam ” temperature. 

2. Tt is said that the surface produced lias excellent printing qualities, owing 
1,0 its unhpie ink aflinity. 

3. II.S.P. 0411,W, v.m. 

4. U.S.P. 720090, 1903; Ziihl and Eisenianti, D.U.P. 1022,30. 
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with camphor 50 parts, which are mixed together mechanically, form¬ 
ing a plastic of low inflammability. IjCderer makes use of chloral as 
the intermediate solvent for both acetate and nitrate, forming a com¬ 
pound of nitrocellulose 5, with chloral hydrate 2, togctiier with acetyl¬ 
cellulose 3, and chloral alcoholate 2.' The mass is iiicoi’porated into 
a plastic form by means of boat and pressure, but it must be evident 
that at the present cost of chloral hydi'ato and alcoholate, the cotu- 
pound must, of necessity, have a very limited use. In still another 
method the inflammability of celluloid is reduced, while the plasticity 
is said .to ))e not materially decreased by incorporating with celluloid, 
com])Ounds obtained by the action of organo-niagncsium compounds ^ 
on hydro-aromatic, unsaturated ketones (e.g., rarvonc, pulegone, 
cyclohexanone) worlied up with acctyl-cclbdosc. For example, a 
satisfactory fonuula is said to consist of 100 ])aits cellulose acetate 
heated for some hours with a sedufion of 55 i)art8 of bcnzyldihydro- 
carvone in acetone and chloroform, celluloid then being added, and 
the solvent I'emoved by evaporation under reduced pre,ssure. A loss 
expensive compound results when a solution of 40-50 k. cam))h()r 
in 50-00 1. methyl or ethyl alcohol, is added to 100 k. nitrocellu¬ 
lose, and another mi.xturc of 100 k. acetylcellulose in 40-50 k. acetone 
are mi.xed. The jiailial precipitation which results is not intcrfcr(al 
with, but the mass evaporatcil to stdidity and the solvent recovered, 
the formation of the jrlastir Ixang completed by means of heat and 
))ressure.® By using the nitric acid ester of cellulose or hydroccllulose 
as the starting ])oint '* and t reating this with acetyl chloride and ace¬ 
tic anhydride in the presence of sulphide, ndxed acetonitrates of 
celbdosc result which can be maile ])laslic by incorporation with cam¬ 
phor, and at the same time arc not highly iidlammable. The dif- 


1. U. Ledorer, F.P. .577010, 1007. 

g Process of P. Szelinski, D.R.P. 202720, 1007. In the process of IT. Mani.s- 
Hiuljian (F.P. atcmu, lilOS) cellulose acetate is converted into a plastic, mass liy 
nieaTis of a solveul., and tlie ma.ss is incorporated with softening agents which, 
acconiing to their proportions, modify the softening temperature of the |)roduet 
to any desired degree, according to whether it is intended to serve as a mold or 
a matrix. Mineral filling agents may also be added. The plastic mass is composed 
of 50 parts of cellulosr- acetate and Kth lOO parts of a volatile solvent, snch as ethyl 
acetate, chlorofonn, acetone or alcohol. The softening agents consist of .'>-2(1% 
of castor oil, calculated on the weight of the solution, about, an equal proportior 
of a sulphophenic derivative of a halogen and lO l.'i parts of glycerol acetate. 

0. J. Sehmerher anti h. Mirraine, F.P., 324121, 1902; E.P. 4.SG3, 1003. 

4. L. Lixlcrcr, D.R.P. 179047, 100.5; in the process of F. Hume (D.R.P. 210519, 
1907) acctylcelluio.se is mixed with camphor or a camphor substitute, then with a 
solvent (ciilorofomi, acetone, ethyl acetate) and next with a precipitant (water, 
benzene, alcohol, etc.) miscible with the solvent; or the solvent and precipitant 
may be added together. The semi-solid plastic mass thus obtained can be moldei 
in the cold or it may be rolled on to a .suitable support. It is not atiliesive, am 
rapidly hardens. 
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ficulty with this method coiisifits in beiTiR able to produee the same 
mixed ester at will, so Unit the resultiiif;' acetonitrate will give the same 
results tcehnieally, when, for instance, the ])rodiict is used in the manu¬ 
facture of difficultly inflammable, continuous photographic films.* 
The condiinations of cellulose nitrates and ai^ctates, so far as the author 
is aware, do not enter materially into the arts to-day, having been 
recently superseded by plastic acetates, as will lie described jiresently.''* 
The so-called cellulose triacetate, when compounded with camphor 
under heat and pressure, yielded—instead of the plastic mass desii-ed— 
masses which are brittle, especially ujion comiilete expulsion of the 
solvent, even when the sheets are excessively thin films. The com¬ 
plete bar to the use of a cellulose acetate-camphor mixtui'e has been 
until recently due to the fact that none of the acetates are plastic 
and moldable under heat, not even in the ]jresence of an equal 
weight of camphor. 

In another process** plasticity is induced by condiining cellulose 
acetate with esters of jihcnols, cresols or naphthols, especially* the 
phos]ihoric, tliiophosphoric, or sulphonic esters, the [iroduct being 
worked uj) in the same manner as celluloid, a solvent being added to 
assist the incorpoi'ation of the materials if nc'cessary. Difficulty, 
however, was found in obtaining sufficiently concentrated cellulo.se 
acetate solutions, but by .sub.stituting for the acetate, mixed esters 
in which one acid radical is acetic acid, acetoiu’ solutions up to H )', 
strength may be jiroduced,'’* The.sc esters are then combined with 


1. See “Treatment of Acetyl anil Nilro (Icllnlose for the Mamifactnre of Plastics,” 
F. Mcyeri K.P. lUTSf), lUOS; F.P. HUUlHtt, lilDS, in which eelhilose acetates, is con¬ 
verted into the plastic comlition by the simultaneou.s presence of both a solvent 
and a coagulating suhstance, in such proiiortions that the cellulose derivative 
is neither truly dissolved nor fully coagulated. The.se jila-stic eoni|iosilions are 
not sticky and can be worked in a highly conceiKrated condition hy the usual 
spreading machines. If, for instance, eellulo.se acetates Im employed, the plastic 
mass is made by means of a mixture of acetone and water. Such a mass can be 
applied to cloth or paper and at the same time a pattern may be impressed on it 
with an engraved roller. 

■ 2. According to the proce.ss of the (Commercial Products C ompany (1.1 . 40-02.S, 
190!)) a solution of gelatin (with or without casein or albumin) in phttnol or anhy¬ 
drous glycerol, or a mixture of the two, or in other ttnhydrous solvents, is made iido 
an einttlsion with a .suitable proportion of gum-lac or similar stibstance, or acetyl- 
eellulose, and camphor dissolved in aniline. The mixture is shaken with a prepara¬ 
tion of anhydrou.s formaldehyde, such as, e.g., paraformaldehyde or a solution 
of formaldehyde in anhydrous glycerol, until the mass become.s thick and homo¬ 
geneous. after which it is poured ‘into molds and pressed if desired. Special claim 
is made for the u.se in the gelatin emulsion of a new form of celluloid in which the 
camphor mav be replaced by anhydrofonnaldchydeanilinc or by a resinatc. 

:t FP 413657, tbifi.W, 1910; alist. .I.S.C.I. 1910, 29, 1 Ull. 

4. A suitable mixture is said to consist of 100 k. cellulose acetate, 35 k. phenyl 
tihosphale and a sufficient quantity of solvent as glacial acetic acid, acetone or 

' A^wTiiorckens and H. Mani&sadjian, F.P. 414679, 4HGS0, 1910. 
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phenols, as previously described. C. Mijnessen' prepares plastic 
films by successively depositing; layers of acetylcellulose one upon 
another, or with alternate layers of gelatin, or other supple ductile 
material, as acetylcellulose made plastic b}’' phenol. W. Lindsay^ 
imparts strength and permanence to cellulo.se acetate by adding 2% 
urea. Compositions resembling celluloid, etc., are prepared by mix¬ 
ing acetylcellulo.se, triphenyl phosphate and a solvent such as acetone 
so as to form a solution or plastic ma.ss, suitable proportions being 
10-20 parts of triphenyl phosphate to 100 parts of acetylcellulose. 

W. Walker'^ found that when cellulose aeetate is associated with 
a .solvent of low volatility, such as thymol, ])henol, oresol or certain 
essential oils containing phenolic compounds, a certain degree of plas¬ 
ticity is imparted to the combination. The pi'eferable solvent should 
be like thymol, which meltiS at a. temperature at which the cellulose 
acetiite is unafTected, the action of the solvent being promoted by the 
conjoint use of a volatile solvent like chloroform, which at the same 
time is uninflammable. The solvent, however, in time volatilizas 
and the cellulose derivative reveits to its original brittle condition. 
'Phis w!iB found true also of the cellulose acetates in combination with 
thymol, although in a lesser degree, A (!ollulo.se acetate may also 
b(i modified by the addition or ]jrosenco of a solvent in which the 
tendency to volatiline is so small as to be negligible, and yet sued) solvent 
may be of no ])ractical value on account of its tendency to cry.stalliiie 
find thus separate from the other components of the material, or to 
exhibit an nndesii'able characteristic, as delicpiescence, efflorescence, 
or darketiing on exposure to light, heat or air. Dr. Walker has dis- 
coverisT' that if to the combination of cellulose at^etate and bodies 
like thymol as mentioned above, non-volatile non-solveiits, of cellu¬ 
lose acetate such a.s castor oil be added, the solvent of low volatility 
beenmi's substantially fixed, and is not driven off even upon the appli¬ 
cation of prolonged but moderate heating, while on the other hand 
a solvent which in itself is not. volatile, l)ut which is precluded on 
accoiint of undue tendency to cry.stallize—as for example, acetanilid 
—is evenly retained in its anioi'phous conditiem i)i the resultant mate¬ 
rial. Also th.at wdien thymol oi' other substance having similar effect 
is combined with cellulose acet.ate, a larger amount of non-solvent, 
as castor oil, may be introdu('ed without subseejuent segregation or 

1. K.P. 4n2!)S, into: E.P. 470, 1111(1; ab.st. .LS.C.l., 11)10. 29, 078. 

2. P.P. 415.717, 41551.S, 11110. 

a. U.S.P. 7747111, 774714, 1004; celluloeo acetate 10. cliloroform ,80, thymol 
5 and castor oil 8 parts Ixsiig .siieciticd. The advantage of thymol lies in the 
fact, that it melts at a temperature mneh helow that at whicli the acetate i.s affeeted. 

4. U.S.P. 774714, 1904. 
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precipitation. Such a compound, it is claimed, may be produced 
as follows: 10 parts of cellulose acetate are added to 80 parts of chloro¬ 
form and 5 parts of thymol. When solution is complete, 3 parts of 
“ castor oil dissolved in 20 parts of chloroform are added. The chloro¬ 
form is then completely di'iven off, the castor oil, which without the 
thymol would precipitate out, is held in completre solution and thus 
fixes or retains the thj'mol originally added. 

L. Ledeier has developed a plastic cellulose acetate, containing 
no camphor, and in which the plasticity depends upon acetylene 
tetrachloride' still remainirrg in the finished ariicle. It is uirder- 
stood large rprantities of this acetylene tetrachloride containing cel- 
hrloso acetate is being pr'odurred in Rochester, N. Y., for uninflamma¬ 
ble photographic films at the present tinre. Such a film examined 
by the author and said to have been itroduced at this (ity was fouiul 
to contain 12',' acetylene tctr'achloride. Tioderer fir’.st^ found that 
when cellulose acetate is caitsed to react with certain groups contain- 
ittg hydroxyl, ketone and amide radicals, art interlocking of the mole¬ 
cules appears to take jrlace, so that the resulting compouttds are ]ilas- 
tii'. In a soft st-ate impression.s of etched or' 'engi'aved jilates ntay be 
taken on the nraterial, the delicate and fine jroints of the etching 
being faithfully repi'oduced. The invention is described as being 
carried orrt in one of the following ways: 

(d) ] par'tof cellulose acetate and 1^ parts of phenol'" arc fused at 
about 4()-.‘)t)°. As soon as a clear solution has formed the mass is 
jrlaccd on warm glass or rtrctal plates and allowed to cool gradtrally. 
After' standing for sever'rd rlays the mass, which is. somewhat like 

1. AK.hmish acetylene cliloride is such an excellent cellulose .acetate solvenl, 

the closely related hodies trichlorcthylene and dichlorethylcne are noii-solveuts. 
However, F. Bayer & Co., (E.P. lli'.ti'd, 1910) has shown that dichloretliylene 
m admixtures with alcohols is capable of dissolvinrt Cfilluhise rxeetates. Those 
esters which are readily soluble hi acetone art; dissolved by the tnixt.ni'e at ordinary 
temperatui'es, while those e.sters soluble in chloroform, and sparingly soluble in 
acetone retpiire heating for solution. Suitable proportions are .stat.ed as (UiO- TdO 
])arls dichloretliylene to l.rtr parts of alcohol. In E.P. 11)10, F. Payer 

de,scribes the usefulness of pcntaclilorethylene as a cellulose acetal-c lUpufying 
asent, with addition of other ilissolving or ililutinp fluids. While iieiitachloreliiylene 
alone has only a very sllKlit solvent action on cellulose esters, in pre.sencc of 
alcohol or other .solvent it plays tlie part towanls organic, cellulose esters that cam- 
])hor doe,s towards nitrocellulose in eethrlnid, or acetylene tetrachloride towards 
acetylcellulose. For example, 200 parts of cellulose; acetate are mixed with 100 
parts of pentaclilorethylene and 700 parts of acetone; when the solution is filtered 
and j)oured on ]>lutes, flexible fllm.s are obtained. 

2. U.S.P. 774077, 1004; in a more recent patent (E.P. S04,'), 1909) it is stated 
that durable softness and suppleness may be produced in cellulose acetate by the 
addition of a “small proportion of an organic acid ester of a monohydric plienol 
or of a phenol cither of a homologue or nuclear substitution product of these sub- 
stniiC0s»^* 

3. D.R.P. 145106, 151918, 1902; phenol, resorcin, pyrogallol, naphthol, amino- 

phcnol, nitropheijoi, salicylic acid ester, all ikying efficient. 
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caoutchouc at first, hardens into pliable sheets which can be worked 
or employed like celluloid. 

(6) Another method of operation is to mix cellulose acetate 
intimately with one-half its weight of phenol and then subject it to 
great pressure. The pressed mass is then allowed to completely 
harden in the air. 

(r) Again, an intimate mixture of equal parts of acetyl-cqjlulose 
and chloral hydrate ^ or aniline may be subjected to pressure at a tem¬ 
perature of 50-60°, the pressed mass being allowed to harden in the 
air. 

A similar method may be followed—a ketone, for instance, aceto¬ 
phenone—or an amide as, for example, acetamide, being employed. 

The drawback with these combinations, it has been claimed, is 
that upon exposure to the air for a short time they materially harden 
and can with but great difficulty again be niade plastic. The following 
year (1905) brought forth from Lederer a clear description of the 
application of acetylene tetrachloride as a combined cellulose acetate 
direct, solvent and pla.stic-forming liquid ^ in which is described methods 
of procedure to overcome their well-known defects. The method 
is to bring together 1 part of cellulose acetate with 9 parts acetylene 
tetrachloride, stirring the mi.\ture thoroughly until the ester has become 
cCnipletely dissolved. Heat may be used to facilitate solution, as the 
chloride boils at 147° and is uninflammable. For the preparation of 
continuous photographic films, one method of procedure would be 
to prepare a solution of (lellulose acetate in acetylene tetrachloride 
as viscous as can be worked conveniently. After solution is complete, 
which may Ix) facilitated by a gentle heat in a jacketed kettle, some 
of the solvent may be recovered by vacuum distillation, and the 
viscid solution after cooling worked into continuous sheets as described 
in Chapter XVII under “ Film Manufacture.” If it is desired to 
produce sheets not continuous, the vacuum distillation of solvent 
may be carried to a point where the mass is nearly solid, which after 
cooling is worked under masticating rolls, pressed into blocks, seasoned 
and sheets planed from this matrix, as described in Chapter XIV, 

1. D.R.P, l.raill, 1902. In F.P. 330714, 1903, Lederer, cellulose acetates 
are shaped into threads, ribbons, films, tubes, etc., by discharging thick solutions 
of them through suitably shaped orifices into liiiuids which dissolve out the solvent 
without dissolving the cellulose compoimils. For instance, a solution of cellulose 
acetate in .acetic acid or phenol is discharged into alcohol and the precipitated prod¬ 
uct subse(|uently dried. 

2. n.S.P. 8049fi0, 190.5,- F.P. 3.52896, 3.52897, 190.5; D.R.P. 17.5.379, 1904; 
E.P. 67,51, 190.5; abst. J.S.tl.T., 190.5, 24, 978. A process of lacquer manufacture 
is described where resins and cellulose acetate are combined by means of their 
mutual solvent, acetylene tetrachloride (tetrachlorethane). See also E.P. 26075, 
1901. 
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A. Lumiferc & Sons * have deseribed non-inflammable photographic 
films which are prepared by applying to a polished surface a thin layer 
of cellulose acetate or other noii-inflammable cellulose ester, then a 
layer of gelatin, and finally a photographic emulsion. The cellulose 
acetate layer need not be more than one-fifth to one-half the thickness 
of the entire film. The gelatin may have been treated with fonnalde- 
hyde, alum, etc. Films prepared in this manner are said to bo unaf- 
fectecl in dimensions by the subsciiuent treatment. F. Bayer sought 
to obtain plasticity by the use of cellulose acetate witli naphthalene, 
paratoluidinesulphamido, or a methyl ester of o.valic, iihthalic or 
paratoluidine sulphonic acids, and it is stated that iihotographic films 
of considerable elasticity result from their uso.^ 

Cellit^ (cellite, cellith, zellith, zellit.) is the trade name given to 
a cellulo.sc acetate-camphor plastic, which stands in the same 
relation to the cellulose acetates as does celluloid to the cellulose 
nitrates.'* This produed of the Farbenfabriken vorm. F. Bayer & Co. 
and their chemists, A. lOichengriin and T, Ihickcr, was first announced 
in 1901, as the result of I'lnglish I’atent 2007")'’. The method .st.ated 
is to form a mi.xture of 100 parts of acetylized celhilose jirepared 
by the action of acetic aidiydridc and s\ilphuric acid on cellulose at 
ordinary temperature, and oO parts of camphor, the mass being t rlt.- 
urated with chloroform or glacial acetic acid. After standing for 
some hours and gently heating ^ the solid parts will dissolve to a 
transparent liquid. On evaporating the liquid off in any a])proi)riate 
manner, the “ new celluloid-like substance ” remains in the shape 
of atranslucid, imcoloreil, flexible mass, burning slowly, ami which can 
easily be worked by rollers while still hot. Instead of camphor, otlier 
bodies may be employed “which by tlieir action impai't plast.icit y 

1 . F.P. 401228, 1908. 

2. For review of recent investigations on cellulose acetates ami (heir technical 
application, sec F. Beltzer, Rev. gen, ehiin., 1908, 9, 421; Mon. Sei., I90s, <W, 
057; Rev. chim., 1900,9,421. Forinclliod of preserving .solutions of aeiilylizeii 
cellulose see L. Lederer, It.I’. 20502, 1900. 

3. E.F. 21G2S, 20075, 1901; 25S21, 1902; Itayer & t'o. For general arlicles 
on Ccllit, see Eichengrun, Fabriks-Feuerwclir. 190,8, l.'i, 01; Seifenfahr, 1908, 
28 , 940; Chem, Zeil., 190.8, 32 , .5.83; Z. ang. Fhcm., 1908, 21 , 1729; I’hot. tVehlih, 
1908, 34 , 209; Arch. Uuchgew., 1908, 4 .>, 380; Areli. Feuer. 1908, 2 .), 124; From., 
1908, 19 , 702; Z. Drechsler, 1908, 31 , 375; Am. Apoth., 1908, 29 , 40. 

4 . See F. Beltzer, Mon. Sci,, 190S, 22 , 048; F.F. ‘20075, 1901, alisl. .l.S.t'.l., 
1902, 21 , 1469; F.P. 317008, 1901; 371447, 1907, alwt. J.S.tJ.l., 1902, 21 , 873; 1903, 
22 , 1015; 1907, 26 , 340. 

5. A. Kichengriin and T. Becker, U.S.P. (738533, 1903), in whieh “ijlastic” 
cellulose acetate compound.s is first mentioned in U.S. patent literature. See 
Eichengriin and .1. Precht, U.S.P. 742405, 1903. 

6. Bayer & Co., F.P, 317007, 317008, 1901; 3,50442, 1904; F.P. 7340, 1903; 
Auat. P. A-0502, 1901; abst. .I.S.IM,, 1902, 21, 870, 1'293; 1903, 22, 1015. 

7. Eichengrun and Becker, U.S.P. 734123, 1903; E.P. 28733, 1904, tlie process 
differing from that of Lederer.(U.S.P. 0519S8, 1900) in that a larger quantity of 
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to the mixture in the preparation of celluloid, such as paratoluene 
sulphamide, methyl ester of paratoluenesulphamic acid, naphthalene, 
etc.” 'WTien formed into sheets, the films are distinguished by their 
great stability, and can be kept for a long time without altering.' 

The next important advancement made by these chemists was 
in preparing a cellulose acetate which difTci’s from the ester of the 
older art by its stability against cold alkaline carbonates and amnjpnia, 
and by the property of being difficultly attacked by caustic alkalis. 
In carrying out the process of manufacturing this pi'oduct, 200 parts 
of cellulose'' ai'e introduced into a mixture of SOO jiarts of acetii; anhy¬ 
dride and 20 parts of concentrated sulphurii^ acid, and the mi.xturc 
thus obtained diluted with an equal volume’ of glacial acetic acid. 
'I’he reaction mass is allowed to stand for twelve to twwity-four hours, 
the temperature rising the while to 40-4.-)“. It is advisable to keep 
the femperature at a lower degree by cooling. The deal', nearly 
colorkws thick liquid thus obtained is theni)ourcil into water, the acetyl 
cellulose separating out. Thus junpared it is a whitish voluminous 
mass. In a <lry stafo it is j'eadily soluble, in chloroform, cjiichlorhy- 
di'in, nitrobenzene, and glacial a<‘etic acid, soluble in acetone and 
))y]'idine and insoluble in alcohol, ether, aceti(^ ether, amyl acetate, 
and glycerol. It is not attaclced by cold alkaline ciirbonates, ammonia, 
or dilute acids, and with but great difficulfy by caustic alkalis. On 
evaporating the .solutions a colorless and trausludd film remains, which 
is, even in a thickne.ss of half a millimeter, very lle.xiblc. The concen¬ 
trated solutions, especially that in glacial acetic acid, have the char¬ 
acteristic property that on being jioured into a liquid wliich does 
not dussolve the acetylized cellulose—sudi as water, alcohol, or formic; 
aldehyde—they deposit peculiar cylindric, precipitatcjs, including a 
large quantity of the liquid. On drying the said precipitates shrink 

sulphuric ucM is employed, and iiv contradistinction to tlic acetyleolliiloso obtained 
by ijcderer, the paU'iiU'es’ ester is soluble in alcohol. The process is carried out as 
follows, all parts being by weiglit: 125 parts of hydrocellulose are introtluced into 
a mixture prepared from 500 ))arts of glacial acetic acid, 500 parts of acetic anhy¬ 
dride and 25 parts of sulphuric acid of Oti® The reaction mixture is allowed 
to stand at the. ordinary temp<*raturc on stirring it from time to time. After 
some hours the hydrocollulose is dissolved, and the reaction mass forms a thin 
li(|uifl solution which can easily be filtered. Sulwcqucntly it is poured into water, 
by which means the product is preciinluted in the shape of white flakes, which 
are liltcred off and dissolved in five times its quantity of alcohol. On cooling 
the resulting solution grows stiff to a mass like gelatin. 

The acetylized cellulose is a white mass readily soluble in alcohol. Its con¬ 
centrated alcoholic solution represents in the cold a solid mass like gelatin, which 
liquefies on heating or on adding alcohol. From the solutions in alcohol, acetone, 
or glacial acetic acid, tlic ester is precipitated in the shafie of white flakes by the 
addition of water. 

1. D.R.P. 153350, 159524, 1902; 185S37, 1905; Aiist. P. 21213, 1904; 32037, 
1907; F. Bayer & Co., abst. Chem. (Vntr.. 1905, 2. 527. 

2. Eicheugruu ana Becker, IJ.S.P. 790505, P)05; F.P. 371447, 1906. 
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to liuni ohlon;; hnilios. Tli(^ new jicctyl cellulose is decomposed on 
hoatiiifr il l o about 250“. Aual^^sis shows that the new product is a 
triaceU’l derivative. 

'I’lic fflacial acetic acid and e.speciallj" chloroform used as solvents 
were soon found to lx; unduly (ixpensive as compared with the fluids 
used technically in the similarly useful nitrocellulose preparations, 
hut Eicheuxi iin and Becker discovered' thati in preparing the acetate 
according lo the method described in U.S.P. 790505, 1905, the reaction 
really lakes ]ilac(^ in two ]jhases. At. first an acetate is produced which 
is soluble in alcohol, this product being then transformed by the 
further ai'tion of acetic anhydride and sulphuric acid into the triacetyl 
cellulose insoluble in alcohol. They nc.\t .succeeded in carrying 
out the action of acetric anhydride and sulphuric acid on cellulose 
in such a \\'a 3 ' that the acetate, soluble in alcohol, is prepared as chief 
product. For this purpo.se the process is stopiied when the body 
soluble in alcohol as fii’st ju'oduced, begins to be Iransfonned into the 
l.riacetyl celhdo.se insoluble in alcohol. 

In carrying out this process iiractically the following formula may 
be used, the parts being by weight.: A mi.vt'ure of SO parts of acetic 
anhydride, SO parts of glacial acetic iicid, 1 parts of concentrated 
sul])huric acid, and 20 parts of cellulose (e. g., cotton yarn) is allowed 
to stand at from 20-25°, with stirring from time to time. After about 
t('n hours the whole mass is transformed into a thick syruj). When 
the precipitate obtained by diluting a test portion with water contains 
orrly a small quantity of urrrdtanged particles of cellulose and is still 
soluble in hot alcohol, the prodirctiorr of the cellulose-acetate is com¬ 
pleted. The I'eaction rirass is then mixed with a large quantity of 
water by stirring, and the precipitate obtained filtered off and pressed, 
'riie ester thus obtained is solid and carr take various fonns, according 
to the way irr which it. is prepared. In a wet state it is a whitish 
voluminous mass. When dry, it represents yellowish hard lumps. 
It can also be obtained in transparent sheets and films by evaporation 
of its solutions. It is soluble in 70'hot alcohol, the alcoholic solu¬ 
tion solidifying to a gelatirrous mass on cooling. By the addition of 
much water to the alcoholic solution the ester is precipitated in fine 
light flakes. 

By treating this form of acetylhydrocellulose with camphor and a 
mi.xture of alcohol and ethyl ac'elate (the most efficient of the inex¬ 
pensive .solvent condrirralions for this ester) as described above a 
plastic pr’oduct rrray be formed, and the material possesses the three val- 

t. Kiohcngriin and Becker, U.S.P. 809935, 1900; D.R.P. 169364, 1906; Aust. 
P. 32630, 1907- 
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uable requisites of uninflammahility, plasticity, and dissolution in com¬ 
paratively inexpensive solvent mixtures.* While this body can never 

1. In the U. S. Daily Consular and Trade Rep., No. .'1214, Aug. 4, 190S, 
p. 12 and No. 3315, Oct. 27, 19()S, p. 12, roprintod Jour. Koy. ivic. Arts, 1908, 50, 
1000; 1008, 57, 78; Photographic Dealer (Lond.), 1900, Jan., p. 21, is given the 
following data supplied by the inventors of CcUit and communicated to tlxe U. S. 
Consul at Chemnitz: 

“It is easily soluble in such solvents as alcohol or acetic ether, which do not 
seriously affect the health of workmen; and, what is more important, it combines 
with camphor exactly as does guncotton, yielding plastic masses quite similar to 
ordinary celluloid. Camphor can be replaced by other orgatiic substances, an<l the 
resultant products range from hard and lough to soft, leather-like, even rubber- 
like compositions. All of these varied forms of cellit are perfectly transparent, 
totally unalTcctod by water, free from brittleness and, above all, not readily com¬ 
bustible. Some varieties do not bum at all. Otliers burn in a flame, ))ul coinlms- 
tion cciises when the flume is removed. 

“The different properties of cellit are characteristic of glass, gelatin, celluloid, 
leather, and riibl>er, and it is capal)lc of replacing each of these maUirials for ilivers 
purposes. Probably new technical applications will soon arise, as we have lacked 
hitherto a substance at otice transparent as glass and pliable as a wovi'n fabric. 

“It would seem to lend itself admirably for decorative effects,as It can lie m<il(le<i 
like crystal or niccivc the delicate impnnt of the finest designs. The slieets of 
cellit arc prepared iu all dogrccs of hanlnoss for the purpose of reoeiving hnpres- 
sions. The results soTuetiines rosemlile enamel, again fine leather, or entirely 
novel effects are evolved. Especially interesting arc the spociinens of patent leather 
and of linoleum coated with cellit. The designs of the linoleum are not prinU'd 
on the surface of the tissue, but are part of the transparent cellit coating with greatly 
enhanced effect. 

“(lollit insulation for electric wires comlnnes the advantag(‘s over the present 
materials of cheapncRS and morn attractive appearance, while occiipying less space. 

“A distinct field exists for cellit in preparing watcu’proof, air-tigld containers 
for perfumery, bonbons, etc.; in meeting many needs of the bookbiinler and of 
the surgeon; in the manufacture of toys, fans, and various articles of domestic 
use where resistance to water and pliability are the chief reciuirements. 

“To what extent cellit can replace celluloid is mjt yet definitely ascertaine.<U 
Certnin technical difficulties have recently been ovorccinu^ in blowing articles of 
the n(‘w substance. Such hollow objects as balls, dolls’ heads, and the like are now 
as easily prepared a.s from celluloid. 

“The latest application is among the most important. It, is the use of cellit 
films for the cinematograph. Its manifest superiority over celluloid for this pur¬ 
pose results from its non-combustibility. 

“A cellit film exposed for ten minutes to the concentrated light of an arc lamp 
does not exhibit the slightest alteration. A celluloid film, under the same condi¬ 
tions, bursts into flame after the lapse of only three seconds. The cinematograph 
has now entrired so extensively into t he category of popular entcMtainments tiial a 
film material will l>e most wcdcome wliieh will oliviale the serious dang<u* thus far 
attendant upon the employment of the current nieclianism and already productive 
of several tragic catastrophios. 

“The acetates first obtained during recent years yielded in combination with 
camphor more or less brittle substances. Their only sati.sfiictory .solvents w(‘r(‘ 
chloroform and acetylene tetrachloriile. The narcotic action of t he first so!v('nt 
and the poiaono\ia nature of the latter rendcreil their use most object ionable. These 
disadvantages, In addition to the brittleness, effectually prevenUn! any pnielical 
use of the earlier forms of acetylcellulose for \ise in the cinematograph, although 
numerous experiments in this direction were carried on for a long period. 

“The newly discovered modification, in its camphor derivative termed cellit, 
poBsessc^s fortunately the desired properties, mis.sing in its homologucs. It is tlic 
reverse of brittle, resembling leather, and it is i-cadily soluble in the comparatively 
cheap mixture oi alcohol and acetic ether (ethyl acetate). 

“With these two all-important properties to start with, much study and exper- 
unents were required before a cellit was secured mcctiug all the many demaud^ 
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compete with celluloid for general technical use owing to the present 
great discrepancy in cost of acetic acid, acetic anhydride and acetyl 
chloiido as compared with nitric acid, it.s present field appears to be 
in the preparation of uninflaiiiniablc photographic films, for which ' 
pur{)osc it is being produced in large quantitites at the present time. 
Perhaps at the present time the largest individual user of uninflammable 
cineniatograpliic films in Europe is the firm of Pathc Frores, of Paris, 
and it is understood that tliis firm is at present using a cellulose acetate 
plastic film, producctl by this general method. 

made upon ciiicmatORr.apliic films, (ielliiloid (the combination of camphor and 
anncottoTi) is cliaraclerizetl hy iU liardiii'ss, sprinpiTiess, anil tenacity. A mul- 
tilncli' of liilliciiltiivs in tfiis conncctinn were crailually overcome, until cellit films 
were finally pre|raroil, free from lialjility to tear or stretch or crum|ile. In the 
cinematograiiliic appiiral.ns there i,s miw' no seratchinr of tin surface, no Icari.ia, 
no iltslortion on the part of cellit films ivhcn .swiftlj jias-ed thvonah the mechanism. 

'• The various other technical dlfheultics in connection with the ap|)lieal'on and 
fi.'ialion of the sensitive emulsion, tlic S'.curina of imifnrm transpiirencv, etc., Iiave 
all licen snecessfiilly met, so tliat tl.c new films are searoely to Iki (listiiiRiiislied 
from cellnlold preparations so far as lustei, tenacity, evenness, transparency,*etc , 
are coneerued. 

“ In one rcspeel. liowever, there is t,tic most strikinis and important. dllTerenen, 
and iliat is inHamrnalnlli,y. Wlien eellnloid is liroiiKht near a .sonree of heat it 
inslantly takes fire, liurnini! willi a larac, eraeklina flame, wliieli spreads ,so rapidly 
tiiai all po.ssiliility of extinction is practically precluded. On the contrary, when 
a Inirnini! malcli is applied lo a eellil film. It does not lake fire at once. 1ml only 
after an interval. Tlien a slow' coinlinstion. aceompanied liy a small flame, lxi(!iTi.s, 
and is (!i'ailually iiropiiKated llir(mf!h tlie mass, very miieh as in tlie ease of a sheet 
of iniliiwrulilicr. .V cellit film Ixihaves olteii as a stick of .sealing-wax. II tends 
to melt, and while the, molten sulistance falls down in drops llic flame is often 
cxtiiiKiiislied. 

" Wliile cellit films in contact with a flame evliibit siieh a measui'e. of slow coin- 
hustibilily, they arc entirely ineombiistible in Ihe eineniatot;rapliic appariiliis. 
E\'en when ex])osed to the concentrated rays of the most powerful are lamp, there 
is no sijiii of coniliiistion. When Ihe exposure is ))rolonaed eiiaiices iH'Coine evident 
in tlic film; tlie layer of emulsion is loosened, lilisters apfiear, tiiere is a general 
shriiikaRe, and finally fusion lieRins aioiia tlie lines of tile pholocraphic pielure. 
Till! aelion ceases witli Ifiis rosiili, even if llio exposure lie maiiitaineil for an lioiir. 

“Tile lieliavior of a celluloid film miller siieli conditions is all too well known. 
It is impo.ssiblc to adjust it in tlic apparatus witliimt full proteclioii from tlie source 
of liKlit.. I f exposed for a .second it l>egin,s to smoke, and within four .seconds, 
at tile iilmosi, it iiiirsts into flame. 

“'J’liis uiifortimalc property lias rendered llie einematocrapli siicli a .soiiree of 
danger, wiieii, tlimiiirti any aecniental interruption of tlie rapid movement iif tlie, 
celluloid film.s before the powerful sourees of li/;hl, or even through tlic tearing 
of a film, instantaneous comhiistion ensue,s. 

“ Preventive measures ilesigncd to lessen tlie danger have been iakeii in various 
coiililnes by flie police aiiMiorilies and are of tlie most manifold variety. There 
are rec]iiirenienls for the inclosure of the appanilii.s in a fireproof cell iliiring an 
pxhihiliim, for its oiieralion in a room covered with asliesPis, oiilsidc of an exhibi¬ 
tion liall, for tile use of asbestos clotliing liy tlic operators, for flic entire absence 
of flame-giving ligtils, etc. 

“ Numerous attempts have been iniule to rejilace celluloid as a material for films, 
tielatin lias hecn tried in a miiltitiiilc of forms. Its lack of strength and its tendency 
to swell up in developing baths have prevented any practical application for the 
purpose. Even when inclosed between exceedingly tliin sheets of celluloid it fails 
to withstand the effects of the hath. Other albuminous boilies lack in plasticity 
and transparency.” 
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Eichengriin has also determined' that certain types of ceWiAow 
acetate, notably those which are soluble in acetone, are wtuble, on 
heating, in mixtures of liquids, e.g., methyl alcoM 
neHher of which have any solvent action ^one. 
solutions, the'ester may either remain m solution 
the form of long felted filaments. The /ceUulos 

by adding to the solution any of the ordmary sol _ 
aLtate, in which it is soluble in the cold, e.g., glacial ^etm 
ai'ctone, etc., in which case the solution remains 
syrujjy on cooling; or else, there may be added a ® , 

an influence analogous to that of camphor on nitrocellulose, in whm 
case the solution sets to a continuous mass on cooling, feuitabi 
bodies are mcthylac.etaiiilide, ethyl lolucncsulphonatc, trichloraniline 
etc. If a verj' concentrated mass be desired, the cellulo.se acetate 
may be dissolved in alcohol and benzene, freed from impurities by 
filtration and allowed to deposit by cooling; the liquid is then poured 
off and the i)recipitated cellulose acetate worked up with a cam- 
plior-suhstitute. One of the numerous examples of the proce.ss is 
as follows: 1 k. ('f ci'llulose acetate is di.ssolve(l in 2 k. of methyl alcohol 
ami 1 k. of toluene at S0°; loO grn. of metliylacetanilide are added 
to the solution and 100 gm. of opiclilorhydrin. The liquid is filtered 
hut, and on cooling sets to a solid mass, which may be sliced, molded 
oi' luesscfl tlu'ougli orifices. The spreading of fine films or coatings 
of cellulose acetate on materials or fabrics of porous or uneven surface 
is diflicult, because Ihe coaling tends to sink into or take the form of 
the liody-niaterial. According to l.'.icliengrun^ a thin film of a solu- 
lion of the acetate is s])rpad on a sujrjjort having an even, close or pol- 
i.siied surface, to which the film, when fully dried, will not adhere. 
The lilm, before it is completely drj', is then pressed in contact with 
the >'ody-malcrlal to be coated, and drying is completed. The film 
then peels olT the tcniporaiy support and adheres firmly to the body- 
material, while its surface ]n’csents an exact reproduction of the sur¬ 
face of the support. Suitable supports are made of metal foil, met¬ 
allized fraper, rubber, waxi'cl cloth, varnished leather, etc. The 
body-material may be previinrsly moLstoned with a solvent of the 
acetate in order to prtrnioto adhesion of the film. 


1. E.r. 1441, 4!)5!), 1(111); F P. 412707, 1010, and First Addition thereto dated 
Mar. 10, 1010; abst. ,),S.(M. 1010, 20, lOO.'i; tier. Appl. filed Apr., 15, 1000. For 
manufacture of brilliant, frostol or patterned o.<'lhil(isc acetate coatings, see Eichen- 
giUn, E.T'. 40,50 , 272.58, 1010. 8ec also F. Itayer A Co., K.P. 1()0;12, 1010; Chem. 
Fab. V. llcyilcn, 10.P. 24082, 1010. J. Aylsworth (TJ.S.P. 002877, 1010) induces 
plasticity by a>ldii<g to cellulose acetate a halugenated aliphatic acid or ester, as 
chlorinatc(i stearic acid. 

2. r.P, 413901,1910, 
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H. lleeKer ‘ lias oliserved that when acetylcellulose, of the type 
■which is soluble in acetone or ethyl acetate, is heated with a mixture 
of ecjual parts of bennene and alcohol, it dissolves near the boiling 
temiierature, but separates again on cooling. If the liquid poured off 
from the deposit and camphor or a camphor substitute be added to 
the latter, the mixture-again becomes fluid on heating, and the prod¬ 
uct, when cold, forms a plastic solid having the propertie.s of cellu¬ 
loid. h'or example, 2 k. of acetylcellulose of the type specified arc 
mixed with 20 k. each of alcohol and benzene, the mixture is heated 
for some time at G0°, and then to boiling until the acetyhtellulose is 
dissolved. After cooling, the solvent is poured off from the mass 
which sejjarates, GOO gm. of camphor and 400 gm. of acctoehlorhy- 
drin are added, and the whole is again heated at 50°, in order to pro¬ 
duce a transparent fluid which sets on cooling. If desired, the cam- 
l)hor may be added to the original acetylcellulose and the whole heated 
with the solvent until dissolved. Homologucs of alcohol and benzene 
respectively may be used. 

To ju'cinire waxed paper or cloth, the Raison Sociale Siebert ^ 
coat "wnth ccllit dissolved in ethyl acetate and alcohol to form the dress¬ 
ing, in jdace of coatings of glue, caoutchouc or sf.arch. L. Ijcderer 
has found ® that the esters of phenols and polyphenols arc excellent 
softening agents for cellulose acetate films, having the advantage 
of being insoluble in water, and consequently the films retain their 
elasticity after steeping, washing, and passing through the usual 
l)hotc)gra])hi(! developing processes. In partricular, the addition of 
1-2',';, of resorcinol diar.etate—calculated on the weight of cellulose 
ester—is claimed as especially applicable, the diaectate being dissolved 
in ethyl acetate before incorporation with the acetylcellulose. 

Sericose is an alcohcfi-soluble acetyl cellulose, i.e., an acctylhydro- 
ccUulose, patented by Bayer & Co., through their chemists.' Strictly 
speaking, sericose is the name restricted to cellulose acetate by this 
fir n, while acetylhydrocellulosc is designated as sericose L by tlumi. 
Only the latter appears in the trade at present. Bericose L, which 
is a fine white powder, is soluble in o% acetic acid to a nearly clear solu¬ 
tion, and in this condition, is used with pigments, for the production 
of matt printing effects (damask effects) on textile fabrics, espe¬ 
cially cotton. The solutions vary in consistency according to the 
amount of .serico.se used, and adapted for the fixing for any pigments, 

I. E.P. E.P. 41112(i, liJO!); ubat. J.S.C.I., 1910, 2», 147; see 

Gum. Ztg., 1910, 10, 6.'). 

2. E.P. 396467, 1908, 

3. E.P. 894.5, 1909; F.P. 402083, 1909. 

4. U.S.P. 738533, 1903. 
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such as barj^les or China clay, and which are insoluble in acetic acid. 
The damask effects pr(Kluccd, are said to be distinguished by excellent 
plastic appearance, pure whiteness, and fastness to hot soaping and 
j'ubbing in cold water.’ In a later process,” cellulose acetates soluble 
in acetone aie obtained by acctylating cellulose or its derivatives 
(oxycellulose, hydrocellulosc) in presence of an acid sulphate of a 
primary aromatic amine. Vor example, 80 parts of o-toluidine bisul- 
pliate are dissolved in a mixture of 1200 parts of glacial acetic acid 
and 1,000 parts of acetic anhydride, and 200 parts of cellulose are 
introduced into the liquid. The reaction is allowed to continue 
at a temperature below 70° until a sample precipitated with water and 
washed and dried is completely soluble in acetone. 

The Comp. Franc, des Applications de la Cellulose” have called 
attention to the fact that articles made of artificdal silk, or “ crinol ” 
filaments, suffer in the natural .state from lack of rigidity. Accord¬ 
ing to their invention, such articles, fabrics, trimmings, hat-.shapes, 
etc., arc fini.shed by the application of a solution of nitrocellulose, 
which, imparts to them rigidity and impermeability, without detract¬ 
ing from their luster. A 10% solution of nitrocellulose in amyl 
acetate is stated to be suitable for the purpose. 

Dyeing. The cellulose acetates possess but little affinity for dye¬ 
stuffs, especially for the direct or substantive colors. Wagner, there¬ 
fore, proposes to use acetylcellulose filaments in conjunction with 
natural silk where a weave is reijuired showing (colorless and colored 
fibers. The finished cloth is dyed in a bath the dyestuff of w'hich 
has no affinity foi' the (cellulose acetate, while readily coloring the silk. 
The acetates differ from the nitrates however, in being but little ten¬ 
dered >ipon W'etting, so that the acetates may be subjected to much 
longer treatment in the dye bal-h and at higher temperatures without 
materially deteriorating. The absorptive power for dyestuffs is 
much increased if the acetate be soaked for some time at the oridinary 
temperature in .50',’, aqueous alcohol or 30' ,', acetic acid. After 
this treatment and before diying the acetylcellulose is hydroextracted, 
rinsed and dyed in the usual manner. With this preliminaiy treat¬ 
ment, basic dyestuffs are readily absorbed from an acpieous dye bath, 
best with the addition of sodium sulphate or phosphate in amounts 

1. In order to avoid precipitation of the sericoae by the water use<i to form a 
paste with the pigment when producing print colors, care should Iw taken to add 
to the pigment, sufficient concentrated acetic acid to give it a total acidity of at 
least ,5%. 

2. 1'’. Hayer & ('o., F.l’. 417274, 1909. Sec also A. EichengrUn, E.P. 4959, 
1910; F.P, 413901, 1910, F. Bayer & Co., E.P. 14364, 1910; F.P. 417250, 1910. 
Also V. Pauthonier, E.P. 27102, iOOO; F.P. 409465, 1909. 

3. F.P. 417590, 1909. 
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to I*".',' )>y weight of the fiber. It is also chiinKMP that the 
difficultly solul)le anthracene dyestuffs may l)e used where the ester 
has undergone preliminary soaking in alcohol. When treated with 
aqueous solutions of inorganic acids ^ the effect is produced of swelling 

1. Knoll & Co. E.P. 242S4, 1<)(17; 7743, 1909; F.P. 383fi3(i, 1907, have found 
that acetyicclluloso has the power also of ahsorbinK certain amines, phenols and their 
derivatives from dilute aqueous solution.s, thereby allowing the produetion of devel¬ 
oped colors of great fastness t-o light and washiiig. For e.vample, if the fiber be 
soaked for three hours in a •\% aqueous aniline solution, then diasiotized in the 
usual manner with an aci(lulate<l 2% solution of sislium nitrite, ami developed with 
a 29,' solution of sesUum naphtholate, soudaii I is ])roduced on and in the fiber. 
Oi- tlic warm impregnated material may ])e treat oil with a solution of 11 lb. potassium 
l)ichromate and 11 lb. strong IK'l in the cold in 40 gal. water, when upon heal¬ 
ing the s(jluti()u for a minute to SO*’ with the yellow diazotized yarn therein, atiiline 
l)Iack is develo|K‘d within the fiber. Paraiiitranilhie red, exceedingly fast to light, 
may be formed in the lilKU’ by soaking in a 0.5% solution of /?-naphlhol. and Uien 
developing witli diazotized puranilraniliiie. Or the fibers may be dyed a re<l 
color with azo turkey red. by impregnating tliein with a hot saturaUid .solnthni 
of (K-naplithylamiiie for twenty minutes, then diazotizing with acidified nitrite 
.Mohition and developing with fK-iiaphthol. Similarly a-naplithylaniino claret color 
is priKlueed l)y diazotizing and coupling rt-nanhlhyluiiiine. while bismarck brown 
results when ihe filH.T is soaked in a 1% Hohition of w-phenylenediainine and 
developing*with jicidified sodium nitrite. The Rerlin Anilino t’ornpany (D.R.P. 
Itt313r>, 1907) have found that whereas an alcoholic solution of a basic (lyestutT 
has Imt a shglU coloring elTect on ivcetyle-cllulose, and an aqueous sohition pnietically 
none, yet wh('n the two solutions are mixed in alMnit i‘(iual amounts iv'etylecllulose 
IS dyed full shades. Thu pi*oce.ss is curried out by diss(jlvmg tiie dyestuff in diluted 
e.lcohol. and dyeing either cold or warm in the usual manni'r. K. Ivnocvenagel 
(F.P. 3S3l)3li, l'9()7; U.S.P. 991211, 1910; abst. J.S.(M., 190S. 27, 332) luw carried 
I ins gimeralization a step f»\rther, and det-ermim'd that, acetylcelluloscj ussumcH 
intense* colors in a(jueous dyestuff solutions, if the surfaccj of tlie fabnc of aeetyl- 
((‘lluloso ha.s Is'en previously modified, by treatment with those organic substam'cs 
such a.s alcolml, {tcetie .'vei<I and acedoiie, or their aqueous solutions, which are cajiablc 
i»f swelling up acetylcellulose. 

'J’lu* pnH'ess consists in t.O'ating the filament, or ntlier prcHluct. of aoetylcellulnse, 
at ordinary or elevated tem|x*rature w'ith such substances for a fHirusl depending 
on the nature of the organic substance stdeeted, and on whetlier the sul)stauc(5 
IS used per .sc or in a(|ue(nis solution, preferably l)y introducing the fabric into the 
substance or its a(j\ieous solution and allowing it to remain tbendn f<»r the re<|uircd 
time, then wringing, rinsing with water, and finally dyeing in an a(iue(His dye.stutV 
sfilution l\y one of tlie ordinary <ly(Mng processe.s. For instance, filaments (if 
acetylcellulose may Ix) allowed to remain in 50% a(|neous aleoliol or in diluti' 
glac.ial ae<?tic acid or iri a mixture of alcohol and acetone in e(|ual volumes ft)r twelv(^ 
liours at the temneraturo of an onlinary living r(K)m. Concentrated alcohols 
will also enhance tlic dyeing eapsieity of aeetylcellulo.s(', although not as efliekuitly 
as mixtures of ale«)hol with water. Even substances wliich are insoluble iii water, 
such as aniline and (*l,her, enhance to sonn' extiTit, the capacity of cellulose acetate 
for the al).sor}>t,ion of dyestuffs in the process of dyeing in aqueous solut ions, provided 
that the accUylcellulosc* is allowx'd to remain in the li(|uijl for a consideral)Ie lime. 
ICvxui solutions of soaf), es|K*ioially when used warm, act in the same dircclion, 
but more fe(‘l)ly tlian dilute alcohols. 

The dyestuffs, as methylene blue, malacliite green, fuehsin, safranin and others 
and even thosi* dyestuffs which am not soluble or only sparingly solulilc in waior, 
Mich as the anthracene* dyestuff.s, also vat dye'stuffs an* rapieily t4iken up from 
ii([uenus dye-baths by acelyleclluloHe pr(‘j)ared as desen}>ed above and are claiin(*d 
to yield substantially more intense colorations than acctylecdlulose wliich has not 
l>een thus treaterl. 

2. Knoll & Co., Addition dated Apr. 5,1909 to F.P. 383639, 1907; abst. J.S.C.I., 
1908, 27, 332, in whicli the acetylcellulose is treated wit,h aqueous solutions of inor¬ 
ganic acids instead of with organic substances or their solutions, in order to make 
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the fiber, increasing its elasticity and receptive power for dyestuffs, 
without any accompanying hydrolytic dissociation. The two points 
necessary are to eliminate all traces of the acid from the fiber after 
treatment, and to dye the fiber before drying.* The speed of absorp¬ 
tion of basic colors (methylene blue, fuchsine, saffranine, auramine, 
methyl violet, victoria green, etc.) may be materially increased by 
the addition of 1% of ammonia to the dye bath. The usual time of 
immersion is thirty to forty minutes at 50°, keeping the hanks con¬ 
tinually in motion in order to insure level dyeings. C. Able - ]n-efcrs 
to dye in the cold in order to obtain more even results, but uniform 
coloring may be. obtained at higher tcm]icratui'cs and with ernuilly 
satisfactory results, especially if the hanks ai'c continually turiu'd, 
H. Mork has shown •'* that the lower acc'tates of c.ellulosc', monoacetal.e 
or diacclate oi any product of intermediate' (somposition, may be 
prepared by the i)artial hydi-olysis of the ti'iacelate. It is known 
tliat only in this highest degree of acetylation are the cellulose esters 
capable of being formed into films or threads. (lonseciucnitly, the 
latter are fii'.st produced from the ti’iacetate and them sribmitteil 
to the limited action of a hydrolyzing agent; sodium hydroxide, 
ammonia, or sodium carbonate. In this way the films or threads 
may bo converted superficially or in i)atterns or designs into the lower 
acetates of cellulose, which ]ios.scss hygroscopic propei'ties different 
from those of the triacetate. This conversion is stated to be advan¬ 
tageous in the case of backing-films for photographic emulsions or 
in the case of artificial silk which has to be dyed. 

Cross and Bevan ' have evolved a pi'oeess for treating cotton so 

it cap-aljlc of .alKortiinp; ilycstiilTs anil dyi’-forminR su(>stanccs more readily. Tilts 
trrutTT\('iit witli anitls bus alsolbo cn'i'ct. of swelling tlio liber uiul increas¬ 

ing its elasticity without any iiccoin[)anyiiig hydrtilylic dissociation. It is necessary 
to eliminate all traces of the acid from the fil>cr after treatment and to dye the 
fiber before drying. See Fiirst Guido Doniiersmarck Kunatseidc u. Acetatwerke, 
D.U.F. 1971)(»'>: 219S4S, lllOS. 

1. See also l'\P. :-lfi272l, J90G. 

2. K.I*. 19 : 59 . 1900: according to the preferred method of the Berlin Aniline 
Co., ft dyestulT (as fuchsine) 0.2, is dissolved in a mixture of water, 50, and acetone, 
50, ami int(j this hath is introduccfl tlie threjuls of artificial silk, about 2, operat¬ 
ing in the usual manner, fur <)m*-lial( to one liour, then carefully washing wdtli luke¬ 
warm water, pressing and tlrying with heat, at 80-100°. 

3. F.P. 410752. 1910. 

4. Prize methofi in Jour. Soc. Dyers and Cob, 1908,2-1, 189; U.S.P. 920828,1909. 
In preparing sucii mixtures the liquid constituents arc first mixed togctiier and 
the 7yinc oxide added in sniall quantities at a time, the mixture being stirred and 
cooled if necessary until the whol<‘ is dissolved. 

When the zinc chloride is used as such, a suitalde mixture is prepared by dis¬ 
solving 20 parts of commercial zinc chloride in SO parts of glacial acetic Jici(l and 
adding to the solution 100 parts of acetic anhydride, tlicse pronortious being suitable 
for obtaining a gain of weight amounting to 20-40% according to the quantity 
used. ^ 

It is to be understood tliat the degree of modification produced is not dependent 
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that it entirely resists the action of substantive dyesttiffs, by super¬ 
ficially acctating the fiber, Tlie method consi.sts in digesting the 
previously dried cotton with a mixture containing acetic anhydride, 
glacial acetic acid, and zintt chloride. The composition of the mixture 
varies with the degree of acetylation rc(|uired, the amount of acetic 
anhydride being proportional to the degree of acetylation, and the 
proportion of zinc chloride being from lO-iO' i', of the mixture. The 
different degrees of acetylation arc controlled by kccinng the irro- 
portions of liipiid and (aitton approximately constant, and by vaiying 
the acetic anhydride concentration. 

Suitable mixtures for a hard yarn may be made as follows: 


Foi (laiii 

Mixture A • 

of on tl\c (VlUilciao. 

Mixture B: 

F<ir (ifiiii of m'i'ci on Collulfwc. 

Acetic anhyflriilc ., 

.42 parts 

.Hi “ 

42 parti! 

Acetyl chlori<le_ 

llJr “ 

Glacial acetic acid 

. .50 “ 

2,5 “ • 

Ignited zinc oxide . 

no 

(ii " 

s.) 


Of \ use twice the weight of the dry cotton. Of U use 2.11 times the 
weight of the dry cotton. The fiber can be caused to gain in weight 
from 26-111'p by varying the acetic anhydride concentration. In 
addition to resistance to substantive dyestuffs, the treated yam shows 
an increased affinity for basic dyestulTs. (lloth so treated resists 
the action of cold mercerizing for a sufficiently long time to jKU'mit 
differential mcrcerizatioii of mixed fabrics. The acclylating ])rocess 
can be applied to cotton fabrics in the i)iecc, and im])art.s a finish and 

solely upon the degree of dilution of the reagent. Thus smaller proportions of the 
more concentrated mixture will produce results equivalent to those obtained with 
a larger proportion of the more dilute mixt-ure. In hict the proportions of acetic 
anhydride, zinc chloride ami acetic acid mav be varied within wide limits accord¬ 
ing to tile material treated and the degree of nuKliticalion to lie )irodnced. 

When the cellulose material lia.s been saturated with the reagent, the action 
may be accelerated by packing the material in a closed vessel wliieh is jilaced in a 
thermostat regulated at a temperature of ■lO'’. After a periml of tnirty-six to 
forty-eight hours at this temperature, or a longer period if llie material has Is'eti 
left at, the ordinary temperature, the reaction is complete ami the cellulose 
removed and washed with water until free from soluble products. 

When it is desirable to prevent shrinkage the hank.s of yarn or the faliric, may 
be kept under temsion during the treatment and during the washing also or dur¬ 
ing the washing only, if ncce.s.sary. 

When the cellulose is to lie converted into a liard, nearly waterprmif material 
corresponding with a gain in weight of 40-.5l)'i^,, it should he treat.i‘d with 3-4 
times its weight of the more concentrated mixture, or with a smaller jiroiMirtion 
of a mixture containing less acetic acid. In tlie former case the cellnlosc should 
be turned over from time to time during the progress of the reaction in order that 
the excess of liquid may be uniformly absorbed. Sec also C. Cross and J. Briggs, 
F.P. 383064, 1907. 
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firmness resistant to careful washing. In this manner industrial 
advantages are derived from the fact that the normal hygroscopic 
moisture of these a(^etylatcd cottons is only about one-half of that of 
the untreated cotton.' 

Acetate Lacquers, unlike pyroxylin lacquers, are uninflammable 
—both the solvent and cellulose acetate—and are insoluble in and hence 
immiscible with amyl alcohol and amyl acetate; but the acetylhydro- 
celluloses prepared according to the method of Eichengriin.and Becker 
are soluble in acetone and in a mixture of ethyl alcohol and ethyl 
acetate, and hence are miscible with pyroxylin lac(juers in limited 
amounts. These lacfjuer.s may be produced by dissolving the cellulose 
acetates in certain halogen-substituted methanes and ethanes, chloro- 
foi'in and tetrachlorelhane (acetylene tetrachloride) being the most 
used. The latter is known under the comnierc^l name of vitran., 
Depending on th(! degree of hydrolysis of the cellulose before aceta- 
tion, the neutral ester is dissolved in chlorofonn, tetrachlorethane, 
acetone or ethyl acetate and alcohol by means of mixing devices 
dc.scribed in Dhapter IX., and after complete solution results the 
lacquer is filtered from unattacked cellulo.sc fibers. If it is desired to 

1. If a piece of the treated fabric Ixi immersed for throe to four minutes in 
caustic s(xla sohilion of ■10° Tw., it is staled that tlie stripes of ordina^ cotton are 
mercerized and shrink, while tlic stripes of acctylated cotton resist tliis action. If 
till- fabric is not»washed and scoured as soon as the differential mcrcerization is com¬ 
puted, a slow saponification of the acelaU' will commence.. The mcrcerization 
throws up the stnpi's, while the dyeing phenomenon is not essentially changed. 
L, l^dcrer (E.I’, llOti.'i, lOOlp has taken advantage of the fact that artificial threads 
spun from solutions of cellulose and nitro- or acetyl-cellulose differ in their behavior 
toward water aitil dyestuffs, (tellulosc threads arc readily dyed, but lose in tensile 
strength by the absorption of water, lire cellulose esters on the other hand are 
rrot hffected by watr r but do not easily take up dyestuffs. The tulvantagcs of the 
products may be combined by producing a mtxed thread of nitro- and acetyl-cellu- 
Itrse and therr derritratirrg, the resultmg thread, Irerng easily dyed and posttesstng 
gotxl strength even in the. moist condition. The solution for spinning is prepared 
by di. .rolving 0 jrarts of triiritnx’cllirlose and 2 parts of triacctylccllulose in 27 parts 
of rvcetone anil Ifi parts of acetylene tetrachloride. Ihc solution is homogeneous, 
even though acetylcellulose is not dissolved by acetone alone and nitrocellulose is 
insoluble in acetylene tetrachloride. Filaments arc protluccd from the mixed 
.solution by irrecipitation with alcohol. Films may be made in a similar manner, 
anti these by denitration do not change their external appearance; they take, up 
rlycstufls ca.sily, arc iiuite transparent, and on account of their low degree of 
inflammability may replace celliifoiil films in photography anti similar industries. 
Heussenitan (l).R.F. 21077S, 1000; Chein. Zeit., 1005, 29, 007; Lchnes Ffirb. 
Ztg., 1005, 1(1, 21S), produces a mixed nectonitratc by a drfferent method. He 
tlisstrlves an !rcetylhy(lrocelhtlo.se in 15 timtffi its weight of fuming UNO, and allows 
the solution to remain fourteen days, at the end trf which time it has Irecome 
clear and less viscous. On pratring irrto water, a prrxbrct is obtained which dries 
b) a fine while powder aohtblc in acetone, ethyl acetate anti amyl acetate. The 
product is regarded as a nitrate of hytirrwellulose deriverl from the acetate by 
the displacement trf the acetyl groups anil their partial substitution by nitric acid. 
The substance was explosive and containeil 11.5% N. On ilenitration by sodium 
hydrosulphide the corre.sponiling hydrocellulose was obtained as a white powder 
completely soluble in cold 10% NaOII and capable of reducing Fclilings Solution., 
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prepare a mixed resin-aeetate lacquer, the resins soluble in chloroform 
or especially acetylene tetrachloride, are jii'ofcrably ground fine, 
agitated with the solvent until complctiO solution results, the resin 
solution filtered through moleskin or flannel, and this solution incor¬ 
porated with an acetylene tetrachloride solution of cellulose acetate 
in the proportions desired, d’he projicrtics and hence uses of this 
class of huapiers may be varied within wide limits by varying the 
speed of evaporation of the solvent, from acetone boiling-point, 50°, 
to acetylene tetrachloride boiling point llt)°, in this respect having 
a wider range of boiling points and hence speeds of evaporation than 
with the coiTespouding ]))Toxylin lacquers, (lopal (kauri), sandarac, 
mastic elenii and dammar are soluble in ac('tyl(Mie tetrachloride, the 
more refi'activo being aided by the aiqdication of a gentle heat. 
Unlike an acidified cellulose nitrate solution which rapidly loses its 
viscosity from the traces of free acid, cellulose acetate solutions 
containing small amounts of free acetii? or nitriit acids do not 
become less viscous on standing. The viscosity of a chloroformic 
or tetrachlorethane solution may be varied at will by decreasing or 
increasing the tenqierature or concentration or length of immersion of 
the cellulose in the acetating bath in a similar manner to the jirejiara- 
tion of cellulose nitrates (.see Chapter 111). f.Voss and Hevaii' have ]mt- 
ented a process for a cellulose acetate lacquer employing chloroform 
as the solvent, while the patented method of Ledcrei\- comprises a 
10'(' solution of the ester in acetylene tetraiddoride. 11. Zwick 
has modified his original nitrocellulose lacipier process'* by substitut¬ 
ing cellulo.se acetate instead.Laccpiers so produced ;ire transparent, 
colorless, of an adhe.siveness which compares favorably with the nit.rates, 
are several times more exiieusive to jiroduce, and for this reason alone 
have, as yet, not been used in the L’nited States to any great extent 
outside of coating fine cojiper wire. 

As W. Doerflinger has pointed out-'’ the ready-mixed bronze or 
gold paints heretofore known have suffered fi’om various defects 
which have greatly restricted their field of usefulness. Some of these 
paints when stored in metallic cans sjioil in a short time, cither by coag¬ 
ulating to a jelly-like mass, or by tuniing green, or by the bronze 
powder settling in a lumpy mass on the bot tom of the can or other ves.sel 
in such a way that, it cannot again lie satisfactorily mi.xed with the 
liquid ingredients of the jiaint. Others of these paints arc of such 

1. E.P. 007(1, 18!U; 07,'it, 100'.; sec I’.I’. ;i,72S00, 100.5; II.S.P. 8049(50, 1905. 

2. K.I’. 8i)'',S07, 100,5. 

0. D.R.P. 211578, 1007; Addition to D.H.P. 211520, 1907. 

4. Sec ,l,S.C.l., 1909, 28, 843. 

5. U.S.P. 884475, 1908. 
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thin viscosity as to float the pigments very imperfectly, require a dis¬ 
proportionately large amount of bronze powder, and produce thin 
coats of poor appearance and little durability. Others of these paints 
produce coats which are either dull and unattractive when new, or 
soon lose their luster. In order to overcome these dcfc(;ts, found in 
bronzing fluids with nitrocellulo.se as a base, a fluid is prepared accord¬ 
ing to the following method; G oz. cellulose acetate are dis.solved in 
1 gal. of acetone, and S oz. anhj'di'ous .sodium carbonate added. 
The solution is well .stirred, allowed to settle, the clear*.solution is 
decanted off, and l.d lb. of metallic gold bronze powder are mixed 
therewith. Tin; bi'onze [xjwder is usually an alloy of copper with one 
or several lighter metals, foi' instmice, zinc, tin or aluminum. Other 
sub.stances added should be of such nat.ure or should be so treated 
that they do not react injiu'iously vvith the bronze or other jjowder 
or the tin cans or other rece])tacles. Oum I'esins and oils, particularly 
castor oil, may be employed. 

The mixed paint is said to keej) wcill in tin cans and other ve.s.sels, 
does not react with the bronze powder or the tin of the cans, work.s 
well under the brush, and produces a durable and brilliant coat which 
preserves its luster for a long time. F. Hayer it (]o.' coats thread 
with bi'onzes mixed with cellulose acetate 1,o produce brilliant fila¬ 
ments with metallic luster. 

The manifold u.ses which have been found for pyro.xylin lacquers 
are all open t.o celhdose acetate laccpiers when they can be produced 
at a cost which uill admit of favoralile competition. These lacquers 
arc at pre.seiit indicated for use in the i)reservation of valuable medals, 
cop|)cr and lu'onze re])h’cas, and in photo-titching of valuable plates, 
where the first cost of the laccpicr, from the small amount required, 
is not an impoji.ant consideration. 

In the L'jnted States the most itnjmrtant use for these lacquers 
at present is in tlic insulation of very fine copper wire, where ft 
has found considerable u.se in the hands of the (Icneral Electric, 
Company at Lynn, Mass.- Its clectriiad insulating propcrti(;s are 
. 1. F.P. 408:i70, I'lO!). 

'1. .\cconiins to 11. FlomminR of th.at Compiiny (dcncral Electric Review, 
Jan., lOIIS; Eiif’. News, lllOS, oil. “ insulated copix-r wire has liecome such a 
rulina factor in the ilesian and inanufactim' of electrical apparatus, that any proce.ss 
which leduces either the cost of the insulated wile, or the amount required, is of 
great, eoniniereial importance. 

“Silk and cotton are about the only materials which have liccn used in the past 
for iiisulaling pur]io.scs. The former is relatively expensive, while the latter, 
though cheap, uiiforfunat.ely occupies a large proportion of the winding space, 
esix'cially when the wire itself i.s small. 

" Various eheniical solutions have lieen applied to wires in the attempt to seeure 
a thin, though permanent insulation, which would he more economical to use than 
silk or cotton. 
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fur superior to either rubber or guttii perclia. Copper wire of 
0.07-0.17 mm. diameter is insulated by applying a coat of the aee- 


“ Cellulose acetate, enamel, collodion, casein, albumen, kIuc, rubber, silk, solu¬ 
tions, etc., were tried with more or leas favorable insults, but for commercial pur¬ 
poses' cellulose acetate and enamel have proven to be the substances best adapted 
to the insulation of cop|)er wires. 

“The mechanical properties of the cellulose acetate film inake it a desirable 
insulating medium for very fine wims. Its elasticity permits of considerable 
strefcliing of the wire before rupture takes place, thus insuring continuous insula¬ 
tion ln'tween wii-es on the finished coil. Its s[X*cific resistance is very high, so that 
the film, even though thin, provides ample insulation between turns and lietwren 
tile layers of superjiosed wire. The evenness of the coating, and the regularity 
with which the film can be applied to the wire, are important advantages; the 
finished wire is free from imiiertections of coating, and presents an attractive 


apiiearance. . , , 

“This insulation can lie colored any desired shade to harmonize willi the sur¬ 
roundings. In case of very fine, wire, a bright green makes a satisfactory color, 
rendering it easy for the operators to see Ihe wire, and to detect irregularity in the 
winding; but if these fine wires are colored a neutral tint, they are practically 
invisible, and winding them is a difficult operation. 

“The sizes of win* ticst suited to this process are from 0.0(0 in. in diameter, or 
even finer, to those us large as .005 in. For larger sizes, the enamel coatings are 
more suitable. . , 

“Cellulose acetate is c.spccially valuable for the windings of meter armatures, 
wliere light weight is of great importance. 

“Tlie following tabulation shows some of the more imjiortant comparisons of data; 


.(MW Diam. of Coppor. 

A rotate 

BIiikIo Kilk 

Siiielo Cotton. 

Thickness of insulating film. 

.0005 

.(KIOO 

.00175 

Wire space factor. 

.442 

.313 

. ir>7 

Wt. per thousand feet (lbs.). 

.033 

.m 

.049 


“With acetate coated wire the greatly improved space factor mcan.s, that for 
a given numlier of turns on a given form, the mean length of turn and total weight 
of wire are greatly reduced. This is shown in the following tabulation, which is 
drawn up on the liasis of a perfect winding: 

“Diameter of spool, 1 in.; Length of spool, 1 in.; Nunilicr of turns, 101),(KX); 
Diameter of copper, .003 in. 


Insulation 

of 

• Conductor 

Outsuln 

Piurn. 

of 

Coil 

1 

i 

Ucsist- 

anre 

(Ohintt). 

Weifflit of 
C-oil 
(Lbs.) 

Price per 
pouiui to 
gtvo hainc 
cost of 
roil. 


4.20 

71300 

2 2‘2 

S7.50 


5,53 

39,500 

3.04 

5..50 


9.50 

1 

144(X)0 

6.73 

2.,50 






-■■vuuviix-i -—-- -- - « e '' ' 

phcric conditions, whereas all fibrous materials absorb large quantities of moisture. 
Complete drying and impregnating processes are necessary for fibrous insulations, 
if long life is to be expected of them. . - , r, 

“ Manufacturers of telephones and other specialties, who use tine wires, find film- 
coated wires of great service in reducing the eost, and also the size, of their apparatus. 

“ In the Lynn acetate wire-coating machines the solution automatically passes 
from the mixing reservoirs to the coating portion of the apparatus. Here, by a 
system of transfer wheels, the solution is applied to the revolving coating roll, 
which in turn, deposits it on the moving wire. The quantity of solution placed 
on the’wire must be ailj usted to a nicety; therefore mechanical scrapers are employed, 
winch remove the excess and leave j ust the proper amount to be deposited on the wire. 
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tate, the concentration of which and the speed of drawing the wire 
through the solution being so adjusted that a coat is applied of 
about 0.02 nim. in thickncs.s. Wire thus coated has not only a high 
insulating capacity, but is inorc compact and possesses an extremely 
low specific imlu(^tion. It adheres to copper with great tenacity, 
and unlike a cellulose nitrate coating, there is no danger of the copper 
being attac^ked and turning green. A. Campbell,* who has made 
elaborate compari.sons of the insulating efficiency of certain cellulose 
derivatives, finds that the triacetate is several times more efficient than 
the corre.sponding nitrate, and is especially valuable for telephone wires 
where a minimum specific inductive capacity is required. The cost of 
copper wire insulated in this manner ^ does not materially differ from 
that of silk-insulat(!d wire, the latter being far inferior. Therefore it 
appears that cellulose acetate lacquers will find in the near future exten¬ 
sive use in the electrical Industries. T. Bayer & Co.^ have patented 
such a process for coaling wire. They* have devised a method for 
textile printing bj' the use of spirit-soluble cellulose acetates as 
substitutes for thickening or fixing agents, such as albumen, gum, 
starrii, tragacanth, etc. In one of the examples given a printing 
coloi' made u|) with 40 gm. zin<^ dust, 00 gm. of a 5' ;,, alcoholic solution 
of acetylcellulose, 20 gm. glycerol, and 10 gm. acetone is printed on 
a piece of fabric (cotton) dyed with geranine (i. The piece is dried 
and steamed for ten minutes without pressure, when a white pattern 
on a red ground results. According to another e.xample, 1 gm. methyl 
violet B. is dissolved in 10 gm. water and 20 gm. acetic acid of 9° Tw. 
This is washed with 00 gm. of an alcoholics solution of (cellulose acetate, 
until all is dissolved, when the mixture is allowed to cool. The acetic 


“After receiving its coating of solution, the wire passes through the oven at the 
rate of several hundred feet per minute. The volatile solvent is here driven off 
and (he coating hardened, after which the process is repeated until nunieroas 
coatings liave lieen applieil. This method insures an even distribution of the film 
over the whole surface of the wire. 

“ To keep the fine wire moving at such a high rate of speed, a very delicate adjust¬ 
ment of the moving parts is required, for tlie slightest unevenness of motion is 
sure to break the wire. This is prev('nted by friction drives and friction tension 
devices, which insure a perfectly uniform motion.” 

1. Proc. Roy. Soc., HIOG, 7H-/1, lUG. It was found that for transparent films 
of pure cellulose, the specific induction capacity is about 7, and normal cellulose 
triacetate about S.8. 

2. 8ec “Estimate of Acetate Wire,” by W. Doht, Chem. Ztg., 1907, 31, 312; 
Zeit. ang. Chem., 1907, 20, 743. 

3. E.P. 1819.3, 1909. 

4. E. P. 341007, 1904. In coating metallic wires or ribbons with cellulose 
acetate either plain or mixed with metallic powder or pigments, F. Bayer & Co. 
(F.P. 408370, 1909, and First Addition thereto dated Apr. 13, 1910; abst. J.S.C.I., 
1910, 29, 1064) have found that a better adhesion of the coating is obtained bj 
first wrapping the wire or ribbon with tissue paper, cotton or similar material. Set 
F. Meyer, F.P. 393963, 1908. 



1032 


NITROCELLULOSE INDUSTRY 


acid which has evaporated is replaced by fresh acid, and in addition 3 gm. 
tannin in acetic acid (1:1) arc added. The goods are printed with this 
color, dried, and steamed for ten to twenty minutes. Mme. Roggen 
Kamper' has described a process for producing an impermeable and 
wa.shable linen, by placing the linen fir.st in a solution of acet 5 dated 
cellulose, and after drying giving it a coating of nitrocellulose. 

Cellestron Silk and Artificial Filaments from Cellulose Acetates, 
sometimes also called “.\cetate Silk,” differs from the artificial threads 
heretofore described in being an ester, and not a form of cellulose 
modified or degraded by the cycle of chemical treatments to which 
it has been subjected in the various manufacturing jiroc(sse.s from 
the original cellulose to the finished thread. 'I’lie projicrties of the 
nitrocellulose, cuprammonium and viscose si'ks, e,--])ecially in their 
relations to water, are substiintially those of cclluiose in a more or less 
modified form. In this respect the acetate silks have the advantage 
over all other forms of artificial .silk herein descihed, in that they arc 
but little affected by cold or warm water, the radicals in combination 
with the cellulose molecule couslituting an essential and integral 
part of the fmi.shed “silk.” As the tcn.silo strength of 1he artificial 
filaments described before are greatly influenced liy the moistui'e 
they contain—all alworbing water readily and being greatly weakened 
while wet, due to the modified cellulose of which they are compo.sed— 
so the acetate silks, more nearly ai)proachiug in resistance to moisture 
and other properties the nitrocellulose filaments before denitration, 
jiossess all the valuable proiierlies of the latter, without their 
inflammability. 

The general method for forming acetate filaments ^ or ribbons is 
to discharge a thick cellulo.se acetate solution either in chlorofoi'in 
or ethyl acetate and alcohol through fine oi'ifices or narrow slits into 
some lirpiid which dissolves out the solvent without attacking the cel¬ 
lulose acetate. For imstance. a solution of the acetate in acetic acid 
or ])henol may be discharged into ahajhol, and the precipitated prod¬ 
uct sub.seciuently dried. The solution of acetylcellulose may be forced 

1. F.P. 1079.12, 19(y.t. 

2. I'M’. :i:i0714, 1900. According to K. Hofmann (D.R.P. 22719,S, 1909) prod- 
\icts liaving consitleralile brilliancy and toui'hncss may Ik; obtained by dissolvin); 
ccllnlose, oxycellulose, or ccllulo.se liydrate in mixtures of concentrated acetic and 
pboHpboric acids, and precipitatinn by means of water, .solutions of salts, alcohol, 
etc. The pliosphoric acid is preferably concenlratcd by heating to 220° so that a 
portion of it is converted into pyro[)hosphone acid; it may also lie further dehy- 
ilralcd by addition of acetic anhydride or sodium acetate. For example, 20-2.') 
gm. of cellulose are sliakcn with a mixture of 30 c.c. concentrated pliosphoric acid 
and 300 c.c. glacial acetic acid, at the ordinary temperature, until a viscous ma,ss 
is olitaincil, which can lie preB.sod through capillary orifices or slits into aqueous 
or alcoholic coagulating solutions, and the products washed and dried under tension 
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through capillary tubes into rooms heated above the boiling point 
of the solvent (chloroform, for instance) when the acetate solidifies 
into a thread and may be directly wound off, the receiving chamber 
for the acetate being in reality a vacuum-distilling apparatus where 
the major portion of the solvent is recoverecl and utilized again.* In 
forming continuous bands and ribbons, the use of a fine slit instead 
of capillary orifices, and forcing the solution through by means of 
pressure, is the method usually employed, and is conducted in a man¬ 
ner similar to that described in Chapter XIII. Continuous films for 
photographic use are to be made in thi.s manner, to which camphor, 
acetylene tetrachloride or other plastic-imparting material may be 
added, sufficient solvent being present to impart the required fluidity 
for expulsion through the narrow slit. Benzene, toluene, benzine, 
S5% ethyl alcohol or 90% acetone have all been advocated as satis- 
factoiy coagulating media. According l.o Knoll & Co.,- a solution may 
be prepared that may be kept for long periods without affecting its vis¬ 
cosity, and may be sjum directly into threads without l.he elimination of 
acids, by introducing cellulost' 1 (part by weiglit) into glacial acetic acitl 
S, benzenesul))honic acid A -S, and acetic anhydride 3, keeping the tem- 
peratui'e at r)0-00° until the <‘ellulosc is completely dissolved, which 
requires from l-l'.,') hoiu's. 'When the solution is then poured info 
water, alcohol or other precipitating agent, the sulphonic and acetic 
esters arethi'own out, and, as stated, may be sp»m without neutraliza¬ 
tion. According to another method, a cellulose acetate especially 
applicable for manufacture into filaments may be prepared by adding 
109 gm. acetate to 1,000 gm. chloroform and .10 gm. cresol, the acetate 
being tirought into solution by vigorous shaking; .10 gm. oleic acid 
are dis.solved in 200 gin. chloroform, and added to the first solution, 
all l)eing then carefully filtei’cd. The coagulating hath indicated 
is |)etrolenm hydrocarbons, teipcncs such as camphor oil or oil of 
turpentine, the filaments’ upon issuing from the coagulating bath 
l>eing wound upon reels, and held under tension ivhile the remaining 
solvent is being volatilized by heat. The physical properties of soft¬ 
ness and elasticity may bo modified over a considerable range by the 
introiluction of softeners otlas’ than oleic iwid, as acetylated castor 

J. F. Bayer & Uo., E.P. TStCi, 2S73:i, F.P. .117007, 1901; 3,')(H42, 

1904. Tliieie (.lour, Soc. Dyers ('ol , 1908, 24, 2!14) states that after a time solid 
cellulose acetate Ix'comes crystalline in structure with loss of luster. 

2. F.P. 3011121, 1900; 370,57.8, 1907; cotton thread is coated with acetylcellu¬ 
lose in a manner similar to the insulation of copper ware, to produce an artihcial 
silk or horsehair impervious to water. In F.P. 330714, 1903, there is given a proc¬ 
ess for producing threads hy discharging the thick acetate solution through 
orifices into liquids which extract the solvent without acting on the acetate, as for 
instance when a phenol solution of the acetate is discharged into alcohol. 
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oil, castor or cottonseed oils, menthol, cucalyptol, oil eucalyptus, phenol 
or various turkey red oils (sidphonated castor and (^otl.onseed oils).' 

F. Bayer & Co .,2 arc authority for the statement that an excep¬ 
tional brilliance ma}^ be imparted to yarns which have been coated 
with cellulose e.sters by “ filling ” them with a preparation containing 
substances c.ajiable of softening, swelling or dissolving the coating. 
Alcohol, sub.stituted alcohols, acetone, ethyl acetate, oi'ganic or inor¬ 
ganic acids are suitable for this purpose. Example: The material 
is treated for some minutes with a mixture cont.aining 300 gm. rice 
sta'^ch, .3000 gm. water, .')() gm. Senegal gum, 75 gm. aceiin and 150 
gm. alcohol. The excess of filling is next removed and the yarn 
finally dried and polished. They have found-' that in the coating 
of threads with cellulose acetate, with or willmut metallic powders or 
pigments, the addition of c('rtain organic substances is advant.ageous 
to increase the pliability of the coating layers. The oi-ganic .subst.ances 
mentioned include certain amines, anilides, amides, imides, ethers, 
e.sters and halogenated derivatives. Kpecific examples relatrC to-ethyl- 
benzoyl-»-toluidine, acetin and a-ceiylbenzyl-»-toluidine. 

In comparison with other merchantablo silks, cellulose acetate 
filaments are distinguished for their uniudammability, resistance to 
moist,lire and dye,studs, ability to incorporate within the fiber large 
amounts of softening agents, and hence capable of great, ])liiibility. 
At present per unit weight,, they are the most, e.\|)onsive of t,he artificial 
filaments, but lo.se no wmight after manufacture, as with the nitro¬ 
cellulose silks, which often decreiuse in weight 30-35'. < upon di'iiitra- 
tion. In the preparation of carbon filaments from cellulo.se acetates 
A. Little^ takes a quantity of cellulose, with 0 .S limes its weight of 
acetic anhydrid.e, and heats it in a sealed tube, to say ISO®, produc¬ 
ing a solution of cellulose acetate, forming the filament by forcing 
the solution thus obtained through a small iqierture into wat.i-r in 
which the cellulose acetate is insoluble, or by forming it. nito .sheets 
of suitable thickness, which may be done by pouring the .solution uiion 
glass, allowing it to dry, then dipiiing it into water and .stripping 
od the sheet, and finally drying and cutting it into strips. The strips 
obtained by either method arc then carbonized .and flashed as usual. 
A. Herzog has studied “ acetate silk ” under the niicroscojie and 

1. Process of H. Mork, A. Little, anil W. M'alkcr, U..^,!’. 712200, lt)02; Mork, 
Walker and Little, U.S.P. 702141), 1005. See, also U.S.P. 700022, 1002. 

2 . P.P. 417027, 1010. 

2. Second Addition, dated June 11, 1010, to P.P. 40.S270, 1000. 

4. U.S.P. 532408, 1805. For the industry “ dcs ])asseinenteric,” ace Ind. 
Text., 1003, 1», 209. 

5. Chem. Zeit., 1010, !{4, 347. Examination of acetate silk made by the Henckcl- 
Donnersinarck works showed the following: Average diameter of fiber, measured 
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finds that the sinsle fibers appear as uniform cylinders with occasional 
band-like thickenings; the transverse section is oval or circular with 
relatively large notches, the thickenings appearing as irregidar rect¬ 
angles. The average diameter is 42,3/i, with a variation of about 
2.9%, the average area of the cross-section i.s 0.001234 .sq. mm. (= 
1234 sq. /(). Acetate silk is feebly doubly refractive. Its refractibil- 
ity is about the same as that of lemon oil, in which it becomes practically 
invisible (the older makes showed splinter-like impurities having 
a strong double refraction). The strength of a thread of IS single 
fibers was found (by a Schopper testing machine) to be equal to 226.2.5 
gm. when dry and 128.85 gm. when wet ( — 10.22 and 5.8 k. re.sixic- 
tivcly per sq. mm, of cros.s-soction). Acetate silk is soluble in cold 
acetic acid; it is not soluble in ammoniacal copper hydroxide; it 
is colored yellow by iodine and sulphuric acid, also by zinc chloride 
and iodine. It burns (puckly, giving off a disagreeable odor and leav¬ 
ing a puited-up charcoal. Cielatin silk is the only other artificial silk 
luuing at» equal unifornuty of fiber ami likewise not showing any 
dichroism when dyed with Congo red. Acetate silk is distinguished 
from all other artificial silks by its very low density (1.251), by not 
swelling in water, !uid by its grcat('r strength when wet. 

Solidified Spirit (Solid Spirit, Solidified Ah^ohol, Smarag<lin) 
comes into commerce into cubes about 1 inch stpiare, and consisting 
of (ellulose accl.ate 8-15',, containing denatured ethyl alcohol 85-92' , 
and is intended for the ready transportation of ahiohol by travelers 
for cooking ])urposes.' product intended for similar use but 
consisting of the nitrate instead of acetate has been patented,^ the 

in wilier, 42.!i /£. The diamotcr varies several per cent in difTcrenl. parts of the same 
filter. Under the ultriiniicroscoiH>, a sort of cellular structure is shown. It appears 
much like collodion silk, and (Uh*s not show polarization hetween cross nicols in tlu^ 
ultramicroscope, as does the older acotaie silk. The sp. gr. is 1.25, against l.Tti 
for irue silk and 1.50 for artificial silk from cellulose by Sweiizer’s reagent. Tlie 
streiudh, taken on a Schopper tester, is shown l)elow in comparison with other 
artificial silks in k. per sq. mm.: True silk, 37.0 (dry). 37.0 (wTt); Uhardonnet 
silk, 12.0, 2.2; Fismes silk, 7.S, 1.0; Walston silk 22.3, 1.0; Lchner silk, Iti.O, 
1.5; ci'llulose silk. 10.1, 3 2: gelatin silk, 0.0, 0.0; acotati* silk, 10.22, 5.K. 

1. Proci'ss patented by F. Payer k ('o.: it may bo pre])arcd liy dissolving 
1(K) gm. cellulose iria{;tTati5 in 500 gm. glacial acetic acid and pouring the mixture 
into 2 1. alcohol. The excess of glacial acetic acid and alcohol is removed from 
the gelatinous precipitate formed, the latter being dried and kept in closed vessels 
until used. 

2. V. IVrelzveich and (1. Koseiibusch, U.S.P. 010750, 1000; K.P. 2<)015, 1007; 
the disadvantages of some of those preparations are that they decrease the calorific 
value of the alcohol materially, or during the combustion of the mass leave such 
large quantities of re.sidue that the continuous bunuiig of the imiss is interfered 
with, or else they have a tendency to become liquefied when burning, cxxjasioiially 
exploding when ignited. The suggested formula consists in producing tristcarin 
synthetically, as described in Heilstein, T. 421, or llollcman, ISOO, 171, bv heating 
glycerol ami stearic acid for some timi; at a high temperature, and add to ({enatured 
ethyl alcohol a mixture of about 3% tristearin and 5% “ sotliura scbatc.” After 
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iiiflamnialjlc nitrate causin;; a more rajjid (■()m!)iisti()n of the mii s. 
Tlic speed of ignition may be varied by combining (-(dlulose acetcie 
, and nitrate, a satisfactory formula being cellulose acetate 0, cellule-e 
nitrate S, ethyl acetate 10, denatured ethyl alcohol 70 (all i)arts oy 
weight). 

Analytical. The determination of acetic acid ratlicals in cellulose 
acetates may be accomplished by one of the following methods: 

(1) Method of O.st.' The cellulose acetate, carefully dried and in 
amounts of 2-3 gm., is dissolved in a cold mixture of etpial volumes 
of concentrated sulphuric acid and water, allowed to stand for two 
days, and then distilled with steam, continuing for four hours. The 
distillate is titrated with standard alkali. The method is ac(mrate 
and reliable, but slow on account of the length of time of the steam 
distillation. 

(2) Sodium Ethylate Method of Crofm and Beran. (See Chapter II.) 
Saponification is carried out by allowing the (‘ster to stand in the 
cold with a half-saturated solution of sodium ethylate for twelve hours 
in a closed flask. Although the method was originally projiosc'd for 
the saponification of cellulose benzoates and acefosulpliales, Wood- 
bridge^ obtained best results by allowing the mi. tiire ly ester and 
ethylate to stand for sixte('n hours in the cold with ai excess of a solu¬ 
tion prepared by dissolving 23 gm. sodium in 2 1. (d alcohol, 
the only caution required being that the saponification .solation 
should be u.sed in adequate e.xcess, preteraiily about double the 
quantity thcrixitically inquired. 

(3) Mettuxl of Green and Perkin,^ in which the cellulose acetate is 
decomposed by dige,sting w'ith absolute alcohol and a litth' (a)ncentrated 
sulphuric acid until about half of the liquid has evajairated. More 
alcohol is added and the operation re])oated three times. In applying 
this method unrestricted to a large vai’iet.y of esters in various com¬ 
binations, the conditions favorable to the formation of ethyl acetate 
and analogous compounds must be taken into consideration. This 
is especially true in attempting to analyze aeetylhydrocelluloses by 
this method.^ 

the mixture tias dissolved, an alcohol-etlier solution of nitrocellulose of about 1% 
is added, which after a short time cause.s the whole muss to gelatinize and eventually 
solidify. 

1. Zeit. ang. Chem., 1906, 20, 995. 2. J.A.U.B., 1909, 31, 1068. 

3. .I.C.S., 1906, 89, 811. 

4. H. Mork reports (,I..\.(!.S., 1909, 31, 1069) that it is poasiblc to overcome 
the objections to saponification with alcoholic potash in the usual manner, l)y suitable 
dihitioti of the saponifying mixture with water. He finds that witli the ordinary 
triacetate, the suitable proportion.s are 1 volume each alcohol and water, complete 
saponification iteing effected by boiling the acetate with a half-normal solution 
of this character for one hour, when correct values arc obtained. 
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In camphor-containinf; acetate plastics, the camphor may be 
estimalid as described in Chapter XIV, the residue being used for the 
ileterniillation of the acetyl groups as described above. In acetate 
lacquei's the ester may be precipitated by water, benzine or benzene, 
dried and determined. In certain camphor-containing plastics 
the camphor and acetate may be precipitated by the addition of 
water to a chloroformic solution, the chloroform separated, camphor 
and acetate filtered off, and the former then o.vtractcd with benzene, 
when the ester may be directly weighed after drying. 

The following article by Carl G. S. Schwalbe appearerl in Zeit. 
ang. Chem., 1910, 24 , under the title “ The Acetylation of Cotton 
Cellulose,” and from the deductions as to formation of acetylhydro- 
eellulose and the experimental work on the “ copper value ” of estima¬ 
tion of acetic acid esterification, in accuracy and completeness, must 
stand as a notable contribution in the field of cellulose chemistiy. 
It is produced herewith, practically verbatim in justice to the author, 
although some of the references arc repeated, as occurring in previous 
liorlions of this chapter. 

. in 1869 Schiitzenberger' prepared an acetyl derivative of cellulose 
by heating cotton cellulose with acetic anhydride in a closed tube to 
180°. An essential lowermg of 1he temperature of reaction, namely 
to 120-130°, was accomplished later by Franchimont,® by the addi¬ 
tion of small (piantities of zinc chloritle. As was shown by the inves¬ 
tigations of Cross and Uevan and Skraup,^ far-reaching decomposi¬ 
tion takes place at these temperatures. Acetylizatioii at temperatures 
of about 30° was accomplished by Cross and Uevan® with magnesium 
or zinc acetate.'"’ By the adilition of an indifferent solvent, Count 
Guido Henckel Douuersmarck ^ succeeded in preventing the injurious 
rise of temperature which occurs in carrying out the iirocess on i 
technical scale. 

The processes mentioned only show the esterification of precipitatei 
cellulose. For ordinary cellulose, the acetyl chloride iirocess bccomci 
applicable only by the addition of pyridine oi’ (luinoliue, accordiip 
to Wold,'* but this pi'ocess reiiuires tiiat the temperature be agaii 
raised to 80-t)0°. As Ledercr" sluiws, acetylizatioii may also hi 
accomplished if hydrocelluloso be heated in the presence of a smal 
amount of sulphuric acid, with acetic anhydride to 60-70°, and cvei 

1. t:.R. «8, 811. 2. Bcr., 187i), 12, 2059; 1881, II, 1290. 

3, .I.C.S., 1890, ri7, 1; 1895, fij, 135, 177. 

1. Ber., 1899, 32, 21l;l; 1901 31, 1115. 

5. D.H.B. 85329, 1891; 80308, 1895. 

6. For example from viscose or from a copfier-oxide animonium solution. 

7. D.U.P. 105347, 1898. 8. D.K.P. 139009, 1S99. 9, D.U.P. 118538, 1899 
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to as low as 30°. Indeed Franehimont ’ had already practiced acet- 
ylization with acetic anhydride and sulphuric acid, but only at 
elevated temperatures, and this gate rise to the formation of acet- 
ylated decomposition products of cellulose. Girard,^ who had been 
the first to study hydrocellulose minutely, treated hydrocellulose 
w'ith acetic anhydride at its boiling point. In this reaction also 
decomposition products arc apparently only obtained. 

Later Lederer •* found that the formation of hydrocellulose ami 
the acetylization may be pcrforiiicd in a single operation. He heated 
to 60-70°, cotton cellulose in glacial acetic acid which contained a 
little sulphuric acid until the fibers had disintegrated to a struc¬ 
tureless powder. Acetic anhydride was then added, and the aeetyliza- 
tion completed at a temperature below 70°. One month before 
this, Farbenfabriken vorm. Friedr. Bayer & Co., in Elberfeld,'* had 
applied for a patent which differed from the one just described in so far 
that cellulose is treated directly with glacial acetic acid, atretic anhy¬ 
dride and sulphuric acid at room temperature. By this ta'oat- 
ment the cellulose (cotton) loses its fibro\is structure, being dissolved 
in the acetic anhydride to a syrupy mass. Without solution or appai- 
ent change of structure, cotton cellulose can be acetylized according 
to the directions of the BadLschc Aniliii und Soda Fabrik in Ludwigs- 
hafen •'> if the acetylization is carried out in the luesence of an indif¬ 
ferent organic solvent in which acetylcellulose is insoluble. The 
reaction is accelerated in this process if the cellulose employed be wet. 

Acetylization by means of acetic anhydride in the presence of 
mineral acids has subsequently been somewhat modified. In iilacc 
of sulphuric acid Landsberg '* proposes phosphoric acid, while Slhamer ^ 
had previously shown that acetylization can be initiated by means 
of hydrochloric aci<l gas, which is conducted into glacial acetic acid 
or acetic anhydride. The substitution of sulphuric acid by sulphuric 
anhydride or other mineral acid anhydrides is said to offer advantages 
according to Miles.® These mineral acid processes have also been 
developed in another direction. It has been recognized that if the 
reaction be interrupted at a certain jxiint, j)roducts of totally different 
solubilities are obtainable, namely, alcohol-soluble acetates. Such 
processes were described by the Farbenfabriken vorm. Friedr. Bayer 

1. Her., 187!), 12, li)41; Rcc. trav. Chiin., 1899, 18, 474. 

2. Aim. Dhim., 1883, (5), 24, 360. 

3. D.R.P. 163316, 1901. 

4. D.R.P. 159.524, 1901. 

5. D.R.P. 184201, 1904; 18414,5, 1904. Uydrocellulose. 

6. F.P. 316.500,1901. HydroccUulosc. 

7. F.P. 308506,1901. Uydrocellulose. 

8. U.S.P. 733729, 1903, 
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& Co.' If the acetylatin{' mixture rcac^ts on the cellulose for too 
long a period, not only acetylation, but also (lecoinposition takes 
place, and the acetates thus formed produce inelastic, brittle films. 
This difficulty is overcome, according to Knoll & Co.,^ if, after 
completion of acetylation such salts as sodium acetate or sodium 
nitrate are added, which are capable of neutralizing mineral acids. 
This firm further describes ^ methods whereby this neutralization 
may be effected where volatile acids such as HCl or other halogen 
acids or nitric acid are employed, but in veiy small quantities and 
instead of a fixed acid as sulphunc. 

Instead of mineral atads, Mork, Little and Walker^ propose the 
use of aromatic sulphonic acids, especially phenol sulphonic acid, 
and the A.G. for Aniline Manufacture ^ and Knoll & Co.*' employ 
halogenated fatty acids in various jiroportions. Knoll & Co.^ also 
recommend sulphonic acids. In F.P. 319S4S, the employment 
of primary sulphates instead of ai'ids is recommended. But not only 
acid sulphates may initiate acetylization, but also neutral sulphates. 
The Chemical Factory “ Flora ” employs dimethyl sulphate,« while 
Knoll & Co.® advocate the use of ferrous sulphate, diethylaminc 
sulphate, ammonium siilphatc, etc. The effect of all these additions 
to acetic anhydride may be differently interpreted. They may 
be considered as hydrolyzing, dcliydraling or catalyzing. According 
to the present state of our knowledge, the following possibilities might 
perhaps l)e (considered. The esterification of cellulose might be 
accomplished without any change of the molecule.'® 'I'he addition 
of mineral acids would then be either for the purpose of catalyzing or 
dehydrating. But th(^ cellulose might also first be hydrated, i.c., 
perhaps under diminution of the molecule, it might be cOnveried into 
a substance analogous to mercerized cellulose or artificial silk, and 
then esterification could take place. The addition of either acids 
or salts to acetic anhydride would then accomplish this hydration, 
besides that, would act subsecjucntly as contact substances or dehy¬ 
drating agents. It would then be possible for cellulose to be hydro- 
lized by the.se additions, and after being converted into sub.stauces 


1. n.R.P. 15;«5(), lUUl, startinK from hydrcMcllulosc. D.R.P. 1S.5S37, 1902 
Btartinir from cclliiloiS!. 

2. D.R.P. 196730, 1906 ; 201910, 1907. 

3. German application K. 31345, 19(X). 

i. U.8.P. 709922, 1902. 5. D.R.P. 19.S4S2, 190,5. 

6. D.RA’. 203642, 1906. "■ D.R.P. ISfXjOO, 190.). 

8. German application G. 12963, 1903. 9. German application 31268, 1906. 

10. The conception of acetylcelluloses as comliinationa of absorption, analogous 
to the conception of nitrocelluloscs is highly iniprohalile, and need not be dis¬ 
cussed here, nccaiise in such combinations of absorption, the cellulose molecule 

might be considered as completely unchanged. 
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of the character of hyclrocellulose, esterification might take place. 
Finally hydration and hydrolysis may occur simultaneously. 

As the patent literature above mentioned shows, the chemical 
reagents in a number of processes are the same, namely glacial ace¬ 
tic acid, acetic anhydride and sulphuric acid, while the sources of 
cellulose vary, being cellulose and hydrocellulo.se. Schwalbe' has 
shown that hjulroccllulose and cellulose hydrate can be distinguished 
from each other by their power of reduction. In those processes in 
which cellulose is used as ihe starting material, sulidiuric acid might 
act as an agent of hydration, of hydrolysis and of c.sterificati )ii, either 
by catalysis or bj' dehydration. But in those processes in which 
hydrocellulosc is euii)loyed, the ester-foi’ining clTei t of sidpl uric acid 
can be due only to catalysis or dchydraticui, The mechaiiisiu of the 
reaction might be e.Kplainod by a conii)arison of those i>roduct.s wh'ch 
are formed according to the ].atents of the Farluaifabriken vonn. 
Friedr. Bayer & Co., especially D.B.P. and witn those 

which are obtained according to the patent of 1 ederer, especially 
D.H.P. 1011311). In the Lederer processes, the starting material 
is either hydrocellulose or cellulose, which in the first stt'[) of the 
reaction is formed from cellulose by means of glailal ao.iic acid and 
sulphuric acid. If a comparison of the acetyl ])roducts of Tiederer 
and of Bayer shows that the acetyl products or their saponification 
products arc identical, then the conclusion is justified that in the reac¬ 
tion of sulphuric acid on celhdose, glacial acetic acid and acetic anhy¬ 
dride, the sulphuilc acid acts not only as a catalyzing agent, but 
that the celhdose in the process of acetylation is converted into hydro- 
cellulose. Oat 2 has already carried out such a compai'is'on. He found 
that the physical and chemical properties of Biiyei'’s and l.cdercr's 
acetyl celluloses are almost identical; that the combustion analysis, 
and the determination of the acetyl numbers give figures which agree 
wdth those of acetyl hydi’ocelluloses. He further observed that if the 
iicetylation according to the tlircctions of the Farbenfabriken vorm. 
Friedr. Bayer & Co., i.e., by the simultaneous action of glacial acetic 
acid, acetic anhydride and sulphuric acid on cellulose is prematurely 
intei’i'upted, a product is obtained which is colored with fuchsine 
considerably stronger than the staiting material. The observation 
of stronger coloration with basic dyestuffs has been regarded as a 
distinction between hyclrocellulose and ordinscry cellulose. 

At the time of the publication of Ost, it was still doubtful whether 

1. Bcr., 1007, 40, 1347. 

2. In other wonls that the acetic acid ester of cellulose produced by means of 
sulphuric acid arc derivatives of hydrocellulose. Zeit. aiig. Cnem., 1906, 19, 993. 
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a distinction must be made between ^ydro- and hydrate celluloses. 
Ost was of the opinion that these substances might be identical and 
might have been produced from cellulose by simple absorption of 
water. But, as already mentioned above, I have demonstrated 
that hydro- and hydrate celluloses may be distinguished by their 
power of reduction. If, however, such a difference exists, then the 
identity of the acetyl celluloses of Bayer and of Lederer would again 
become doubtful. The figures obtained by combustion analysis 
and by a determination of the acetyl values are the same for hydrate- 
and hydrocelluloses. If the acetyl celluloses produced by Bayer are 
derivatives of hydrate celluloses, then they are not identical with 
the acetyl celluloses of Lederer, which are undoubtedly derivatives 
of true hydrocelluloses, possos.sing ])ower of reduction. 

Some time ago Ost and Westhoff' showetl by combu.stion analysis 
that the ordinary hydrate celluloses, such as mei'ceri/.ed cellulose and 
viscose, do not contain more water than ordinary cellulose. They 
also show'cd what I had already ascertained some time before, that in 
distilling mercerized cellulose with 1-oluone (or petroleum) no more 
water is given off than if ordinary cellulose is distilled with toluene 
(petroleum). If now, hydrate celluloses, contrary to the former 
tlieories, do not contain any more chemi(^ally combined water than 
ordinary cellulose, then Ost’s analj-sis of acetyl jiroducts must 
again be considered as i)ruving that the esters are derivatives of true 
hydrocellulose, because these hydrocelluloses contain chemically 
combined water. Rut it. must also be cousiilored that combustion 
analyses and the distillatitni with toluene or ijctroleum do not carry 
absolute conviction, if the jjresence of very small quantities of chem¬ 
ically combined water is to be determined in connection with a very 
largo molecule of cellulose. The figures for cellulose, CgHioOs for 
example, and for a hydrocellulosc or hydrate cellulose (CgHioOslio - H 2 () 
are already within the limit of experimental erroi' in the combustion 
analysis. As a matter of fact, therefore, it cannot be decided by 
combustion analysis whether hydrate celluloses contain any (dieinically 
combined water, but it can only be shown that, as has been hereto¬ 
fore assumed, they do not. contain as much water as corresponds to 
about the forniida (CoHio<l 5 ) 2 -H 2 (). 

The analytical figures of Ost for acetyl cellulose vary between 
47.82 to 49.37 for carbon; .'i.lS-G.Ot for hydrogen and .'j7.3-03.2% 
for acetic acid. According to Ost, the following figures arc calculated: 

For diacetyl cellulose, C, 48.76; H, 5.37; acetie acid, 48.8. 

1. Chem. Zlg., 1000, 33, 107; Zeit. ang. Chem., 1000, 22, ISoG. 

2. L.C., page 006, 
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Diacetyl hydrocellulose C, 48.17; H, 5.80; acetic acid, 48.2. 

Triacetyl cellulose, C, 49.88; H, 5.60; acetic acitl, 62.5. 

Triacetyl hydrocellulose, C, 49.46; H, 5.66; aictic acid, 61.8. 

The figures actually found in ten analyses—if sonic of the .substance,s 
which presumably contain diacetate are disre^ irded—agree with 
those of a triacetyl hydrocellulose. The combust urn analy.sis, there¬ 
fore, makes it really very probable that in the proi es.s of the Farben- 
fabrikcn vorm. Friedr. Bayer & Co., the cellulose is hyoiolized prior 
to esterification. But since the substances under examination are 
not completely uniform, but must be considered as mixtures of 
di- and triacetatcs, the combu,stion analyses alone, a.s h.as alrea ly 
been shown by Ost, are not sufiicient for the explanation of the 
process of acetylation. 

It is therefore neces.sary to loot for other claracteristics if Ihe 
acetyl celluloses. According to 0.st, the strong coloralion of hydro- 
cellultse is such a distinctive characteristic. But it must be cot - 
sidcrcd herewith that hydrate celluloses, for examiile meicenzcd 
cellulose, also possess a power of coloration vliich is irTcrcnl from 
that of ordinary cellulose. Therefore the diffei'ont poevo. of coloni- 
tion of the substance which is separated b\ ftsL at t.hc sinrt of acetyla¬ 
tion, does not carry absolute conviction any inore. but if we su. cecd 
in showing the presence of reducing substances, for examiile, h,,dro- 
:'cllulose, in the sa])oi>ifical.iou products of the acetyl cellulose of Bayer, 
then we have proven that at Ictust. a certain jrart of cellulose is con¬ 
certed into hydroccllulosc by acetylation. If we further succeed 
.11 dcmonstrat.ing that the (juantitics of hydroccllulosc in the saponi- 
ication products are, apfiroxiniately the same as in the saiionification 
iroducts of Ledcrer, then the identity of the reaction might be clearly 
lemonstrated. 

As we have shown above, the power of reduction of hydroccllu- 
ose a.s compared with that of cellulo.se and of hydrate cellulose.s, is 
1 distinguishing characteristic. It is true that oxycelluloses also 
lossess power of reduction, but .such substances need not be considered 
n the proce,ss of acetyli/.ation, as they only occur in very small 
)uantitie.s in the form of impurities of the starting material. A 
onnation of oxyccllulo.se during the acetylization process i.s excluded 
The cotton cellulose is completely saturated with acetic anhydride 
ind glacial acetic acid. As an agent of oxidation only, atmospheric 
ixygen, highly diluted with nitrogen is present, since in the c.xper- 
ments closed vessels were used, the space above the cotton being 
died with acetic anhydride vapors, especially upon the application 
if heat. But if oxidation did occur, then not only cellulose, but 
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hydrocellulose, would be equally and presumably more intensely 
oxidized. If this should be the case, then the power of reducing 
the celluloses which are separated from the products of reaction of 
the hydrocellulose acetylization would be considerably greater than 
the power of reducing celluloses which are obtained from the products 
of reaction of the acetylization of cellulose. As is shown in the table 
below, this is not so. The formation of oxycellulose may therefore 
be considered as excluded. 

I have undertaken to test the power of reduction of the products 
of saponification of a great number of acetyl celluloses produced 
according to some of the typical processes. In this first communica¬ 
tion the results of the investigation of acetyl celluloses produced 
according to Ledcrer, Bayer, Mork and Knoll will be described. These 
determinalions are based on an exact and smooth method of saponi¬ 
fication of the acetyl celluloses. Ost * has found that a smooth 
saponification of the cellulose acetates takes place by means of strong 
sulphuric acid (one volume each concentrated acid and water). An 
acid saponification, however, is not applicable for the purpo.se of this 
investigation of the power of reduction, siiuic it is well known that 
acids produce hydroccllulose from cellulose. With acid saponification, 
therefore, it is not excluded that hydroccllulose, which might be 
formed in the product of saponification, might have been formed 
(luring saponification. Besides acid saponificatiem, alkali saponi¬ 
fication mu,si .also be considered. The nnUhod which is u.sually 
employed, viz., sa])onification with hot alcoholic potash, was unavail¬ 
able for several reasons; first, by the action of alkali on alcohol, 
reducing substances might be formed; further, it was feared that 
saponified ester might be oxidized by alkali. For Ost has shown ^ that 
l)y boiling with alcoholic ])ota.sh, organic volatile acids arc formed. 
The sai)onification by means of boiling aqueous solutiem of alkalis 
((an also not be used, because as I have fonnerly shown •* hydro- 
(■(dlulose los('s considerably in power of reduction by boiling with alkali. 
The only m(!lho(l left, therefore, is saponification with cold alkalis, 
because cold idkalis, if they a((t at all, act only very slowly and 
graduidly on hydrocnllulose. 0.st obtained somewhat too high acetyl 
figures when he saponified acetyl celluloses by means of cold potash 
solution containing 2.")'', KOH, and allowed the saj)onification mixture 
to stand for eight days. I could show that such a long saponi¬ 
fication time was not necessary, that, on the contrary, forty-eight to 
seventy-two hours is sufficient, and gives a((ctyl figures which sufficiently 
agree with those obtained by means of acid saponification. For 

1. L.C. 2. Zeit. aiig. Chem., inoo, lit, 003. 3. Ibid., 1007, 20, 2171. . 
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the present inv&stigati'on, it is not of any moment as to whether 
the acetyl figures closely agree or not, if they serve only for the pur¬ 
pose of calculating the amount of cellulose separated by saponifica¬ 
tion. A difference of the acetyl figures of 1-2% influences the cellu¬ 
lose value so little that the figures for the power of reduction to be 
calculated by means of theni are not essentially modified. 

If we therefore saponify acetyl celluloses by cold solutions of 
alkali and find that the saponification products possess reducing 
power, we may be sure that this reducing power is caused by the subse¬ 
quent action of alkalis. Previously I have shown ' that by alkali.s, 
the power of reduction of cellulose is not changed at all, oi- not very 
materially, (iro.ss and Bevan ^ have further shown that if the action 
of alkali on cellulose is continueil for sttveral months, jiroducts are 
obtained which do not. react on an alkaline solution of (topper. Sim¬ 
ilar observations were made by I'ignon,-^ Ind. to be absolutely sure, T 
allowed cellulose f.o stand for seventy-two hours in contact with a potash 
solut.ion containing 2.V i, that is, for a period of time which corresponds 
to the duration of saponification. The cellulose employed for all 
the experiments was technically unspun cotton, which upon saponify¬ 
ing with 2.V'; KOH, gave 14. P ; hygroscopic moisture, after seventy-two 
hours, 3.2751 gm. of this wet cotton, etiuivaleut to 2.S136 gm. dry, gave 
0.05SI gra. copper. As this (piantity of copper contains the so-called 
hydrate ((opper ■* a corresponding correction must be applied. If 
a sam])le of cotton which is employed for the determination of tot.al 
copper is freed from its copper content by means of acetic acid instead 
of nitric acid, it then can be immersed in a hot Fehling’s .solution. 
If after complete sat.uration it is washed with boiling water and the 
copper c.xtracted by means of nitri(( acid, we then obtain 0.0275 gm. 
copper, which is set down a.s 1.0 copper figure. If a fresh sample 
of cotton cellulose, treated with 25' t, KOll solution as above, is placed 
in cold Fehling’s solution, the following figures are obtained, 2.0000 
gm. cellulo.se wet, or 2.8130 gm. dry, gave 0.0271 copper = l.l copper 
figure. If we now subtract 1.05 as average value for hydrate copper 
from the total copper figure of 2.1, then we obtain 1.05 = 1.1 cop¬ 
per figure, while the starting material before the treatment with caustic 
potash gave a copper figure of 1.2. It is therefore certain that no 
increase in the pow'cr of reduction ha.s taken place. The power of 
reduction of the cellulose separated from acetyl celluloses by saponi¬ 
fication is, therefore, not- due to the action of alkali in the process of 
saponifi((ation. As the figures given below in tabulated form show, 

1. Bit., U)07, 40, t.'tlt). 2. Cliom. Ztg., 1909, 33, .108. 

3. C.H., 1900, 130, 73.S. 4. Bcr., 1907, 40, 1350. 
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the acetyl celluloses of Lederer and those of Bayer give values for 
the power of reduction, which with the Bayer acetyl celluloses vary 
within the limits of 5.1-6.3, while Ivcderer’s vary within the limits 
6.1-6.6. These values are found to agree very much more closely, 
if certain necessary corrections are applied. 

As starting material for the expei'iments as above mentioned, 
an unspun, bleached cotton cellulose of the quality as used for nitra¬ 
tion or acetylization was used. I have formerly shovm ' that, for exam¬ 
ple, ab.sorbent cotton contains a small quantity of oxycellulose the 
formation of which is apparently due to the bleaching process, but 
that it is possible to completely prevent the formation of oxycellulose 
by the use of woven cotton material. The sl.arting n\atcrial for my 
acetylization experiments, therefore, possesses a certain power of reduc¬ 
tion and gives a “copper figure” of 1.2. This value must be sub¬ 
tracted from the above-mentioned copper figuTe.s, of course, from 
those of the Bayer products as well as from those of Lederer. Another 
correction must be applied to those values. By the action of strong 
acids and alkalis and by ceit.ain concentrated salt solutions cellulose 
hydrates are formed. These absorb a ceri.ain amount of the alkaline 
copper solution which is used for the determination of the power of 
reduction. The thus funned- bluish-green, copper-alkali-cellulose 
comliination is not deconqiosed by boiling water. If, therefore, a 
cellulose solution is boiled with an alkaline copper solution for the 
purpose of determining the power of reduction and after the comple¬ 
tion of boiling is washed with boiling water to remove the excess 
of the copper solution from cellulose, jjrecipitated co])per, or cuprous 
oxide, then in case the tested cellulose contained hydrate (cellulose, 
small quantities of copper are retained in the form of Norinann’s 
compound.-' These amounts of copper must, therefore, be attributed 
to the action of hydrate—and not to hydrocelluloses. It is therefore 
necessary to bear in mind the pre..sence of hydrate cellulose in the prod¬ 
ucts of saixmification. The condition.s for the formation of hydrate 
celluloses are present during the process of acetylization. The con¬ 
centrated sulphuric acid in the acetylizing mi.xture may possibly 
cause the fonnation of hydrate cellulose, but the latter may also be 
formed during sa])onification, becarise in the process of cold alkaline 
saponiheation the cellulose separated from the ester is in contact with 
a .stiong alkaline solution, and if it was not already hydrated, would 
be subjected to the ]nocess of mercerization or hydration. For the 


1. Zeit. ang. Chem., 1!)07, 2(1, 216S. 

2. Ohem. Ztg., 1906, 30, .Wl; Zeit. ang. Clhem., 1900, 20, 4,'i6. 

3. Bor,, 1907, 40, 1350. 
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purpose of the present investigation it is immaterial what the source of 
hydrate cellulose is, whether it was formed in the process of acetyla¬ 
tion or subsequently in the process of saponifiention. It is only 
necessary to correct the increase or the copper “ fi- ires ” due to its 
presence. 

I have formerly showTi' that the quantity of copper which is retained 
as Normann’s copper compound hy such hydrate celluloses as mer¬ 
cerized cotton and artifiidal silk, may be ascertained hy plai iiig the 
cellulose in an alkaline copper solution. The quantities of copper 
retained by hydrate celluloses vary, and depend on the cojiditions 
of concentration, of the duration of acetylation and saponification, 
and of the temperature. Higher values than 1.2 ha\'e not been found 
for the examined acetyl celluloses, bat for mercerized cellulose and 
artificial silk 1 have olitained values up to l.G and higher. If we. now 
subtract from the total copper figures the copper figures for the start¬ 
ing material and for the hydrate cellulose, values are obtained whicli 
vaiy between 3.S and 4.-1. Similar values are observed for the ppwei 
of I'ediution of the tyjiical hydrocellulose made according to the 
method of Clirard with 3^,'^ sulphuric aciil.^ The power of reduction 
of saponified acetyl cellulo.ses could also lie influenced by the presence 
of reducing sulistance in the materials which are necessary for acetyla¬ 
tion besides cotton cellulose. As such reagents, glacial acetic acid 
and acetic anhydride must lie taken into consideration. These tech¬ 
nical products might contain reducing substances. Indeed, it has 
been shown that in technical glacial acetic acid, foniiic acid is present.^ 
The minute quantity is probably removed in a great measure by wasli- 
ing the produced acetate. Rut even in case formic acid could not 
be removed b)' washing, its presence would not influence the result, 
because upon saponification it would go into the alkaline liquid and 
would be removed by washing with hot water in the form of sodium 
formate. Rut even if this removal would not be complete, the 
influence found for the power of reduction would be insignificant. 
It is to be noted that in the process of lI.R.P. 159,524 (Rayer) and also 
in D.ll.P. 163316 (Lederer), hydrolysis takes place and hydrocellulose 
is formed. If the celluloses which are separated from the acetates 
made according to these two processes possess the same power of 
reduction, then the error due to the presence of formic acid would 
be in both cases the same, because both processes employ approx¬ 
imately the same quantities of glacial acetic acid and acetic anhy- 

1. Ber., 1907, 40, l-tiiO. 

2. Schwallic, Ber., 1907, 40, 4524; Zeit. ang. Chem., 1907, 21, 1184. 

3. Ost. Uhem. Ztg., 1908, 32, 815. 
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dride. It is therefore unnecessary to purify the technical acids for 
acetation. Since, therefore, in spite of considering the power of reduc¬ 
tion of the starting material and notwithstanding the presence of 
hydrocellulose, the values for the power of reduction for the products 
of saponification obtaiiied from acetyl celluloses according to Bayer 
and to Lederer, agree with those for typical hydrocellulose, and are 
the same for the acetyl celluloses for the two processes. The con¬ 
clusion is therefore justified that in the acetylation according to Bayer 
from cellulose, glacial acetic acid, acetic anhyilride, and sulphuric 
acid, hydrocellulose is formed, and that, therefore, the processes of 
Ijedcrcr and of Bayer arc identical, so far as their chemical mechanism 
is concerned. 

The formation of hydroccllulose is induced by absorption of water. 
Since the reaction takes place in the presence of acetic anhydride, 
it might appear that there is no water present for hydrolysis. But 
siilj>huri(! acid always contains a little water, and cotton cellulose 
itself always (iontrains water, as Ost' has proven. Therefore hydrol¬ 
ysis in this anh 3 ’drotis medium is not surprising. In the acetylation 
according to bedcrer and Bayer which we have de.scribed above, sul¬ 
phuric acid acts as a hydrolyzing and dehydrating agent, ])erhaps 
also as a catalytic agent-. .Vs mentioned in the introtluction, instead 
of mineral ara'ds, aromatic sulphonic acids have been emploj’eil. The 
a));ilication of these acids was probably' caused by the idea that on 
account of the use of the strongly reactive sulphuric acid, the factors 
of temperature, quantity of acid, and time, exercise a great influence 
on the final result. The substitution of the sulphuric acid bj’ a more 
neakly active acid, cotild, therefore, only be of advantage, becau.se 
v\itho\it ai\ytliing further, it is not pcrmi.ssible to .assume that these 
siilidionic acids a.re decomi)osed, and that this acetyli/.ing action is 
to be explained by formation of free sulphuric acid. .\n investiga¬ 
tion ot the nature described in Mork’s patent shows, however, that 
such a (h'comjfo.sition actually takes place. In the U.S.P. of Mork, 
Litth' and Walker the u.se of jdienol sulphonic acid or naphthol sul¬ 
phonic, acid is jn-oposed. .\ccording to the patent specification, free 
s\diihuric acid is said to have very injurious effect. Therefore to 
exclude its i)icsence as an impurity in the starting material or to pre¬ 
vent its formation during the proces.s of acetylation, the example 
given in the sitccification directs the simultaneous u.se of phenol .sul- 
l)honic acid and sodium sulphophenolate. The latter substance .is 
added for the [jurpose of combining with free sul])luiric aciil, which i.s 
said not to be cajjablc of existence in the presence of the salt. iVmong 
1. Zoit. aiig.t'hcm., 1900, lit, 993. 
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purpose of the present investigation it is immaterial what the source of 
hydrate cellulose is, whether it was formed in the process of acetyla¬ 
tion or subsequently in the process of saponifiention. It is only 
necessary to correct the increase or the copper “ fi- ires ” due to its 
presence. 

I have formerly showTi' that the quantity of copper which is retained 
as Normann’s copper compound hy such hydrate celluloses as mer¬ 
cerized cotton and artifiidal silk, may be ascertained hy plai iiig the 
cellulose in an alkaline copper solution. The quantities of copper 
retained by hydrate celluloses vary, and depend on the cojiditions 
of concentration, of the duration of acetylation and saponification, 
and of the temperature. Higher values than 1.2 ha\'e not been found 
for the examined acetyl celluloses, bat for mercerized cellulose and 
artificial silk 1 have olitained values up to l.G and higher. If we. now 
subtract from the total copper figures the copper figures for the start¬ 
ing material and for the hydrate cellulose, values are obtained whicli 
vaiy between 3.S and 4.-1. Similar values are observed for the ppwei 
of I'ediution of the tyjiical hydrocellulose made according to the 
method of Clirard with 3^,'^ sulphuric aciil.^ The power of reduction 
of saponified acetyl cellulo.ses could also lie influenced by the presence 
of reducing sulistance in the materials which are necessary for acetyla¬ 
tion besides cotton cellulose. As such reagents, glacial acetic acid 
and acetic anhydride must lie taken into consideration. These tech¬ 
nical products might contain reducing substances. Indeed, it has 
been shown that in technical glacial acetic acid, foniiic acid is present.^ 
The minute quantity is probably removed in a great measure by wasli- 
ing the produced acetate. Rut even in case formic acid could not 
be removed b)' washing, its presence would not influence the result, 
because upon saponification it would go into the alkaline liquid and 
would be removed by washing with hot water in the form of sodium 
formate. Rut even if this removal would not be complete, the 
influence found for the power of reduction would be insignificant. 
It is to be noted that in the process of lI.R.P. 159,524 (Rayer) and also 
in D.ll.P. 163316 (Lederer), hydrolysis takes place and hydrocellulose 
is formed. If the celluloses which are separated from the acetates 
made according to these two processes possess the same power of 
reduction, then the error due to the presence of formic acid would 
be in both cases the same, because both processes employ approx¬ 
imately the same quantities of glacial acetic acid and acetic anhy- 

1. Ber., 1907, 40, l-tiiO. 

2. Schwallic, Ber., 1907, 40, 4524; Zeit. ang. Chem., 1907, 21, 1184. 

3. Ost. Uhem. Ztg., 1908, 32, 815. 
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8ulphuri(! acid. Pure jiiiciiolsulphonic acid may be old.ained if tbo 
liipud produced by conversion of the sohition of barium jihenolsul- 
phonate with Ktilphiiri(! acid is evaporated at 30-40° in vacuo, a faintly 
pink colored crystalline ma.ss being obtained which i.s entirely free 
from sulphuric acid and does not po.s.sess the phenol odor. Accord¬ 
ing to the directions of the patent s])ecification, if cotton cellulose and 
pure phcnol.s\dphoidc acid or the sodium salt, and acetic anhydride arc 
heat e<l together for five to .seven lujurs at 70-.S0°, cellulose is changed 
into a slimy, syrupy ma.ss. by kneading the reaction mass with water, 
acetyl cellulo.se separates out., which is wa.shed, dried and examined 
according to the method described in the e.xperinient.al part, of this 
publication. The cellulosi' thus scjiarated from .Murk’s acetyl cellulose 
has a copjier figure of 2.S. This figure is lower than that obtained 
with Lederer's and Payer’s products, but it must be borne in mind 
that the experiment, was carried out with jihenolsuljihonic acid com¬ 
pletely free from sulphuric acid, and therefore at the commencement 
much less sulphuric acid was jiresent than when the directions of the 
patent, siiecification ai’c adhered to. At any rate, hydrolysis has taken 
place, which can only be due to the ])henolsulphonic acid or to its 
decomposition ])i-oduct.s. If free jihenolsulphonic acid is suspended 
in acetic anhydride and heated to 70-.S()", a sjilitting olT of .sul])huric 
acid cannot be demonstrated, but this can be done in the jire.sence 
of cott.on cellulose. If an acetylization mi.xture jirejiared according 
to directions, employing, however, reagents free from sulphuric acid, 
is tested every hour by examining trial port ions, then it is possible to 
det-ennine the jiri'sence of sulphuric acid up to four hours. For the,se 
tests .5-1 cc. li(|uid were taken, diluted with water, heated to boiling, 
and to t he boiling liipiid barium chloride is added. 'liirbily is observed 
ol once, and after slamling far several haurs, a precipitate is farmed. 
The splitting off of sulphuric acid is, therefore, proven. It might, 
perijaps be claimed that the te.sted ac('tic anhydride did not contain 
free sulphuric acid, but free phenolsulphonic .acid, which w.as then 
subsc<|uently dccoinponed by diluting the acetic, anhydride with 
wat.er and boiling. If t.his suiiposition is correct, it would also be pos¬ 
sible to ob.serve the .sjilitting oil of suljihuric acid if acetic anhydride 
cont.aining only free jihenolsulphonic acid was diluted, which, how¬ 
ever, is not the case. That, this decomposition takes jilace might be 
further jiroved by acciyli/.ing wit.h jihenolsuljihonic acid free from 
suljihuric acid and barium pheuolsuljihonato. If the free phenol- 
suljihonic acid acted as arclylizing agent, then it would be immate¬ 
rial wliet.her the sodium or barium salt is emjiloyed. The patent 
specilication emjihasizcs that any salt of the suljihonic acid may be 
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used. But if we tiy 1o ("U’vy out an iu'etylaiion with the bai-imn salt, 
we can sliow that, instead of five to seven hours, (n’cn twelve to fifteen 
hours arc insufficienf to hrini;' the neelylation 1o completion, c\ iilently 
because a ])art of the fi'ee sul])luiric acid is transfonned info insoluble 
barium salt, and this reacfioii forinalioii of an exlreinely in.soluble 
product—proceeds more cpiickly than the fonnalion of sodium sul- 
plvate, so that a c<)n'o,spowV\ui,;\y siuaWcv ipuuUhy of sulpViuvic acu\ 
must, therefore, be cousiilered an acetylizaf ion by means of s])lit-off, 
free ,sul])huric acid. Besides the amount of splitniff suliihuric acid, 
the free sulphuric acid which is pre.sent in lecluiical ])hcnolsulphonic 
acid in not inconsiderable (luautities e.vercises its effect in tlie manu¬ 
facture on a large scale. 

In the introduction, acetylations are described in which no acids 
were employed, but only so-called neutnd salts (Knoll i& flo.),' 
Knoevenagel is the discoverer of fhis intere.sting method of aceiyla- 
tion,^ and described the reaction in the iiresence of ferrous sulphate, 
ferric chloride, diethyhimine sul|)hale, ammonium sulphate, etc. tSiuce 
no acid is present, acolylation might jiroceed, under these cireum- 
stimecs, in an entirely different maimer, \ccording 'o the view of 
Knoll & Co., these neutral salts act only as catalyzing ageuts. It is, 
however, po.ssihle to prove in a manner aiialogotis to that. empl(iye!l 
for the Bayer or Lederer ])rmluc1s, that, 's, by e\amiiiiiig the plod- 
nets of sapoiiificatioii of tlie acetates, that iii ac(‘lyli/ing witli iiciitra! 
salts, hydr()ly.sis actually takes place. Kor acetates winch lia\-c been 
lirejiarcd with ferrous sulphate, and wilh diiiiilhylaiiiiiu' salphnle, 
values for the power of reduction of 1.(1 for ferrous siilpiiute and 1.7 
for diethylamiuc sulphate were obtained after deducting all figures 
for correction. '1 n.jse values show, wilhoul doubt, lliat hydroly.si, 
lias taken jilace, becau.se the jiroducts of sa))oiiification of Ilic.se ace¬ 
tates po.s.sess jiowers of reduction. In the case of the ferrous siiljiliate 
process, the power of reduction of the iirodiicfs of sa])oiiificatioii 
might be attributed to a simiillaiieous oxidation of the cellulose, 
and the ferrous to ferric .salt, fn case of the diethvhuiiiuc siiliihat-e 
process o.xklation is c.Kcludcd, but jiowcr of rcducfioii is likewise 
observed. This might also be attributed to hydrolysis caused by the 
slight traces of free sulphuric, acid contained in technical glacial acetic 
acid and acetic anhydride. But hydrolysis cannot be ob.served when 
these two bodies alone act on cellulose even if the temperature of 

1. D.R.P. 2(«17S, inOS. 

2. Zeit. anp. Clicm., 1(108, 21, 2401. Kimcvcnpcl ilc.scrilicil liis vicw.s on (be 
catalytic action of neutral salts oot only in llicsc patents of Knoll, but also in a 
jjaper which be read at the meeting of tlie Sunlbwest (ierman Cliemisis in Ilicdel- 
berg on August 3, 1908. 
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reaction be raised to 70° and the reaction continued for sixty hours. 
On the other liand when using ab.solutely ciiemically pure glacial 
acetic acid anil acetic anhydride, acetylation can be accomplished 
by the addition of ferrous sulphate or ammonium sulphate. Hydrol¬ 
ysis, (lierefore, is caused by the neutral salts. If we con.sider the strong 
powci' of decomposition which cellulo.se e.xercises on neutral salt.s, 

\\yt\To\ys\8 \s cmed % mmeral acids 'wVicit 

are .split ofT temporarily from the neutral salt. It has been known 
for some time that certain metallic salts are decomposed by cotton 
cellulose. Itiinge^ has described the decomposition of alum. It 
is therefore obvious that ferrous sulphate might be decomposed—a 
reaction which is surely accelerated by warming to 70° as directed. 
This split-off mineral acid causes liydrolysis. The decomposition 
of diethylamine sulphate is more easily understood if the dissociation 
of ammonium salts is boi’uc iu mind, which dissociation occurs more 
readily at elevated tcmporatur(\s. The fact des{Tibcd iu tlio patent 
specification is characteristic that tl)c reaction can only be carried 
out with salts of the weaker bases, and not with those of potassium 
and sodium.^ 

1. Karl){’nchorni(*, Berlin, 1S34. 

2. lirpmmrrUal part. The aooiyl celluIosoH employed for this investifiation 

w’en* pr(‘])ared (‘xaelly in ueeonlanee ^\ith Bayer; and 

Ijederer. In order lo be certain iJiat (lie reaction would proceed uniformly, only 
small (|uanlilies of eelluloso (20 jjm.) were employed in each test.. The acetyliza- 
tioii mixture was worked up iiy kiieadmii water into it. After sf'paratinp: th« 
rejictiou mass hy the frecpienl addition of water, it was washed with w'alcr until 
nculnil 'I’he jirecipital-e was dried innUa ae(‘ess of air at ordinary temperature 
at .‘iO 70° and tiuni Rround in a mill and partly sifted tliruiush a 100 mesh sieve. 
It is n(»t atisolutelv neeessjiry to luive tins fine division. The sapoiiilication pro- 
ceeiis sufficiently smooth even if the aeetyl ecdlulose is in lar/ier particles. 

Alnnit li 5 pn. of aeetyl cellulose are employed for saponification, rubbed up 
in a mortal’ with al)oui 50 cc. of anueous 259^ caustic potash and poured into an 
I'iileninoyer. After standing for about hours, 500 cc. water are added and 
uy'u ^ helhinlliin as an indicator, the liijuid is neutralized with concentrated sul¬ 
phuric .acid. It is novs necessary to allow the liquid with the precipitate to stand 
(juietly for si'veial liours, .so that the cellui<jse, part of which is only separated by 
neutralization, subsides in coar.ser flakes, which can be more easily filtered. After 
about hours tlu^ liipiid is carefully (lecunbsl from the preeipilate. the latter 

washed with boilinji waterumi filtered throu;;h fillerqiaper (Schleicher A Selnill, x\o. 
.V.)7} usiiiK a Buchner funnel, with two layers of filter-paper. The washed pre¬ 
cipitate is allowed U) selth' 'The supernatant liquid is carefully decanted, the 
precipitate beina then employinl for the detomiination of the power of reduction, 
'riie figures obtained would correspond to the power of reduction of the hydrate 
ceIlulos(‘. (Qualitatively, the increu.se in tin* jiower of reduction can he very ca.sily 
demon.strated. The stalling material—bleached cotton—is imnicrse^l in the 
dilute alkaline coppi'r solution and left tliem for four to five hours. If the cotton 
is then wa.shed with wut(*r a green-hlue coloration—sign of mercerization—is 
noticed, but not. a trace of ruluctiou. If the cellulose separated from acetate is 
treated in the same way and for the same time, cuprous oxide is very plainly 
visible and, therefore, a reduction has taken place.) The collected fdtrates are 
strongly acidulated with sulphuric acid and the distilled with steam. The «lis- 
tillatc IS titrated with normal caustic soda solution, using phcuolphthulein us an 
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indicator. Control experiments employing acid saponification agents were carried 
on according to Ost. 

The power of rixiuction is ilctcrmined by means of boiling alkaline copper solu 
tion. The cellulose .separated from the saponification mixtrirc! obtained by tin 
use of caustic potash of 2.')%, is boiled for one-ipiarter of an hour with about 
300 cc. of water and 100 cc. of I'ehling's solution (."it) cc. of eopper sulphati 
solution and .50 cc. Rochelle salt solution). In order to carry out this determina¬ 
tion the. cellulose is first boiled with 300 cc. in the (Inehm stirring flask, and then 
the boiling copper solution is introilueed into the boiling solution. It'hen the liipiid 
is again fully boihng. it is continued for one-quarter of an hour umler stirring, and 
then the liquid is immediately filtered through a double filter in a liuchner tunnel 
(Schleicher & Schull filter paper No. '>57). After the greater part of the liipiiil has 
run off, it is completely washed with boiling water until the filtrate is free from 
copper. The precipitate is then mixed with water and the cojiper dissolveil out 
with about 10 cc. of nitric acid (o'/c). The boiling liquid is filtered, wa.shed, and 
the filtrate concentrated by evaporation for electrolytic analysis. In order to 
faciltate the complete separation of copper 1-2 cc. sulpluiric acid tl: 10) is added. 

In order to determine the small (juantity of copper which is retained w lum hydrate 
celluloses are present, one proceeds as follows: A .sample of the above-described 
washed saponification prodrict is in\mer,sed in a cold alkaline copper solution con¬ 
taining 50 cc. of Rochelle salt solution and 5t) cc. of copi)er solution, of the 
strength of the I’ehling’s solution, and 300 cc. of water. After standing for fifteen 
to thirty minutes, the liipiid is filtered by suction, washed with boiling water nntd 
the filtrate is free from co])per, the precipitate i.s mixed w ith about 200 ee. of boiling 
water, 21) cc. of O.u'Jt acetic aciil solution are ad<led and the h(|uid i- a lowed to 
stand on the water hath for onc-i|uarter hintr. The blue-green eop]>i'r alk di <'ellu- 
lo,se compouml which has been produced by the action of the alkaline eopper -olution 
is decomposed by this very dilute acetic acid and the blue-green eoloiatimi com¬ 
pletely disappears. Then it i.s filtered again and washed vvith boiling wciei If 
the cellule,sc should still show the grceiush or bluish coloration, the x laeiion 
with dilute acetic acid is repeated. The filtrate contains that amoinil of '‘oppi'r 
which has been retained by the absorption of the alkaline copper-oUition. The 
coppir is determined electrolytically alter proper concentralaiii by evaporelioii 
and addition of a lilile nitric acid and sulpliurie acid. The ■dkaline copper solu¬ 
tion must not be aliowed to react longer tlian about one hour, because otherwisi 
the reiluclion already begins in the cold and the cellule e cannot be Ireed any 
more from copper by dilute acetic acid because the cuprous oxide adlieies too 
firmly to ihe rellulo.s’e. It is also not permissible to allow the eelbilose eoiitaimng 
the copper alkali to stand too long after washing, because reduction might also 
set in. .\fter complete removal of the copper acetate solution by w.ashing, the 
power of reduction can be ascertained in the same sample by means of fresh 
boiling copper solution. l)f course, both determinations may also lie carried out 
with se[)aratc samples, but since all the values obtained agreed perfectly, it can 
be asserted that alkali eo[i|ier and reduction cofiper may be determined in one, 
sample. In the majority of the hydrate-copper figures given in the tables below 
the figures have been obtained in separate samples. 


TAllbE I 


"COPRER EIGURE” OF THE STARTING MATERIAL (BLEACHED 
UNSPUN COTTON). 



WeiKht of 1 
Cellulose, 
air dry. i 

Ppreontfi^o 
of Waicr. 

W<'{gKt of 
CpIIuIosp, 
tibsolutrly dry 

Weight of 
SnparatPtl 
Copper. 

(U>ppor 

Figure. 

1 

1,7571 

4.2 

1 6837 

— 

_ 

2 

3,07,S4 

4.2 

2.941)1 

0.0375 

1.3 

3 

3.35,58 

5.3 

3.1791 

— 

1.2 

4 

3.1455 

5.3 

2.9788 

0.0363 

1.2 
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Table II 


ACETIC ACTD DETERMINATIONS IN ACETYL CELLULOSE 


Nmnlx'r 

of 

Expcriiiient, 

(Quantity of 
Alaterial. 

Motlioil 

of 

SapoDification. 

Diirafiuii of 
Sapomlicution. 
lloura. 

Quantify of 
Acetic Aciil 
ill Grammes. 

Quantity of 
Acetic Acid 
in Percentage. 

LeiJcrer la 

I 7(X)2 

Alkaline 

4H 

■2.73 

58.0 


1 ( 

lb 

-i 4800 

( ( 

36 

2.56 

58.0 


i c 

2ft 

4 3230 

Acid 

48 

2.72 

62.4 


f t 

26 

4 2532 

Alkaline 

36 

2.61 

62.0 



3a 

3.8316 

< ( 

48 

2.33 

60.71 


< i 

36 

1.0011 

i i 

48 

2.52 

62.9 1 


( i 

3c 

4.3680 

Acid 

60 

2.77 

03 3 1 


Bayer 

la 

2.2970 

< ( 

60 

1.42 

61.9j 


i < 

16 

4.2342 

Alkaline 

48 

2.63 

62.0 


(( 

If 

4.3950 

1 ( 

36 

2.63 

60.0 


< ( 

Id 

4.4600 

(1 

3l) 

2.69 

60.2 


( c 

If 

4.1872 

Acid 

36 

2.51 

60.Oj 



2a 

5.2156 

Alkaline 

48 

3.09 

59.2 


1 i 

26 

5,5613 

< ( 

48 

3.29 

59.1 



Table 111 


THE DETERMINATION OK THE POWER OK HI'IDUCTION OF THE 
PRODUCTS OK SAI’ONTKKIATION OK ACETYL CELLULOSES 


No. 

Acetin Acid 
in 

Pcrcoiitage 

(^jHiitity 
of Acetyl 
Celliilose 

(.Quantities 
of Heo.'iraled 
('elluloHi* 

Se))aiated 

CopiJC'i. 

(topper in 
I’eieeiitage 

],(L i(‘i'or 

16 

.'»S 

0 

4 

4800 

1 

8816 

0 

1142 

6.1 

t 

If 

oS 

0 

4 

1174 

1 

7493 

0 

1105 

6.3 


26 

62 

0 

4 

2532 

1 

6162 

0 

1011 

6.2 

1 

'2(' 

62 

0 


2003 

1 

.5961 

0 

1045 

6.5 

( 

2d 

62 

0 

4 

3.’.47 

1 

6,548 

(1 

1049 

6.3 


3a 

62 

3 

3 

8316 

1 

44)5 

0 

0918 

6.3 


3f/ 

(iJ 

3 

1 

1499 

1 

')(i4.") 

0 

1034 

6.6 

Haver 

16 

60 

S 

4 

2342 

1 

6.598 

0 

08.53 

5.1 

( 

If 

60 

s 

4 

39.50 

1 

7228 

0 

0935 

5 4 

( 

Id 

60 

s 

4 

4600 

1 

6883 

1) 

0!1S9 

5.8 

1 

2a 

.)!) 

• ) 

5 

21.56 

2 

1384 

0 

1343 

6.3 

1 

26 

Tit) 

i 

5 

.5613 

•j 

3333 

1) 

1371 

f) 1) 

( 

2c 

ol) 

0 

4 

2257 

i 

7325 

0 

1001 

5.8 


Tabi.e I\' 

DETERMINATION OK COl’PER RETAINED RY IIA'DRATE 
CELLULOSES; CORRECTED “COPPER KICURES.” 


No. 

(Quiintity of 
Sepiiml ('ll 
Cellulose. 1 

’ i 

1 

1 (Quantity of 
,('()|)[)cr retnincil 
by llydruto 
(’('lluln.se. 

! 

llydiale 1 

(toppei 111 j 
Percentage { 

i 

(’oiipe'r f'iduie ■ 
of St 111 ling 
Material ^ 

('oi 1 ected 
(toppei Figuri'S 

Iveilorer 3a 

1.4445 

0 0150 

1.0 

1 .2 

4.1 

“ 35 

1 .5645 

0 0161 

1.0 

1.2 

4.4 

Hayor 2a 

2.13.84 

0 0187 

0 9 

1 2 

4.2 

“ 25 

2 3333 

0.0185 

0.8 

1.2 

A.O 

“ 2f 

1.7325 

! 

0.0112 

O.H 

1 

3.8 
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indicator. Control experiments employing acid saponification agents were carried 
on according to Ost. 

The power of rixiuction is ilctcrmined by means of boiling alkaline copper solu 
tion. The cellulose .separated from the saponification mixtrirc! obtained by tin 
use of caustic potash of 2.')%, is boiled for one-ipiarter of an hour with about 
300 cc. of water and 100 cc. of I'ehling's solution (."it) cc. of eopper sulphati 
solution and .50 cc. Rochelle salt solution). In order to carry out this determina¬ 
tion the. cellulose is first boiled with 300 cc. in the (Inehm stirring flask, and then 
the boiling copper solution is introilueed into the boiling solution. It'hen the liipiid 
is again fully boihng. it is continued for one-quarter of an hour umler stirring, and 
then the liquid is immediately filtered through a double filter in a liuchner tunnel 
(Schleicher & Schull filter paper No. '>57). After the greater part of the liipiiil has 
run off, it is completely washed with boiling water until the filtrate is free from 
copper. The precipitate is then mixed with water and the cojiper dissolveil out 
with about 10 cc. of nitric acid (o'/c). The boiling liquid is filtered, wa.shed, and 
the filtrate concentrated by evaporation for electrolytic analysis. In order to 
faciltate the complete separation of copper 1-2 cc. sulpluiric acid tl: 10) is added. 

In order to determine the small (juantity of copper which is retained w lum hydrate 
celluloses are present, one proceeds as follows: A .sample of the above-described 
washed saponification prodrict is in\mer,sed in a cold alkaline copper solution con¬ 
taining 50 cc. of Rochelle salt solution and 5t) cc. of copi)er solution, of the 
strength of the I’ehling’s solution, and 300 cc. of water. After standing for fifteen 
to thirty minutes, the liipiid is filtered by suction, washed with boiling water nntd 
the filtrate is free from co])per, the precipitate i.s mixed w ith about 200 ee. of boiling 
water, 21) cc. of O.u'Jt acetic aciil solution are ad<led and the h(|uid i- a lowed to 
stand on the water hath for onc-i|uarter hintr. The blue-green eop]>i'r alk di <'ellu- 
lo,se compouml which has been produced by the action of the alkaline eopper -olution 
is decomposed by this very dilute acetic acid and the blue-green eoloiatimi com¬ 
pletely disappears. Then it i.s filtered again and washed vvith boiling wciei If 
the cellule,sc should still show the grceiush or bluish coloration, the x laeiion 
with dilute acetic acid is repeated. The filtrate contains that amoinil of '‘oppi'r 
which has been retained by the absorption of the alkaline copper-oUition. The 
coppir is determined electrolytically alter proper concentralaiii by evaporelioii 
and addition of a lilile nitric acid and sulpliurie acid. The ■dkaline copper solu¬ 
tion must not be aliowed to react longer tlian about one hour, because otherwisi 
the reiluclion already begins in the cold and the cellule e cannot be Ireed any 
more from copper by dilute acetic acid because the cuprous oxide adlieies too 
firmly to ihe rellulo.s’e. It is also not permissible to allow the eelbilose eoiitaimng 
the copper alkali to stand too long after washing, because reduction might also 
set in. .\fter complete removal of the copper acetate solution by w.ashing, the 
power of reduction can be ascertained in the same sample by means of fresh 
boiling copper solution. l)f course, both determinations may also lie carried out 
with se[)aratc samples, but since all the values obtained agreed perfectly, it can 
be asserted that alkali eo[i|ier and reduction cofiper may be determined in one, 
sample. In the majority of the hydrate-copper figures given in the tables below 
the figures have been obtained in separate samples. 


TAllbE I 


"COPRER EIGURE” OF THE STARTING MATERIAL (BLEACHED 
UNSPUN COTTON). 



WeiKht of 1 
Cellulose, 
air dry. i 

Ppreontfi^o 
of Waicr. 

W<'{gKt of 
CpIIuIosp, 
tibsolutrly dry 

Weight of 
SnparatPtl 
Copper. 

(U>ppor 

Figure. 

1 

1,7571 

4.2 

1 6837 

— 

_ 

2 

3,07,S4 

4.2 

2.941)1 

0.0375 

1.3 

3 

3.35,58 

5.3 

3.1791 

— 

1.2 

4 

3.1455 

5.3 

2.9788 

0.0363 

1.2 



CHAraEll XX 


VISCOHK AND TIIK CKLLULOSI'; XANTIIATKS 

Historical. Vincow;' i.s tho luimu given to colkilose .sulpho- 
ciu'bonalcH l)y their discovercre, Charles F. Cross, I'hlwaid .1. Bft\-an 
and (daj’ton Beadle, tlu^ history of which coiiiineiices with the descrip¬ 
tion of a iratented i)rocess, issued to them in hingland, May 7, 

Thi'y found that wluiii soda-cellulose prepared by treating i)urifi(!d cot¬ 
ton with an excess of lb% solution of sodium hydroxide and s(|n(iened 
until it retains about three times its weight of the alkaline solution, 
is ])laced in a vessel with cai'bon bisuliihide C(iual to about of tin; 
weight of the original cotton, a homogeneous lic|uid is obtained after 
stirring and digestion for about three hours, consisting of cellulos<! 
thiosulphocarbonate (thiocarbonate, xanthate). This jiroduct by 
spontaneous decomposition, by precii)ilatiug with dehydrating agents, 
by heating the solution and by other ways, forms a jelly-like coagulum 

1. Tli(’ iiatnc viscose is also applied todnxiraiic, or doxlran, a gummy substance 
octMirriTig in unnjK* U‘el ixjot, and in the liwdic fermentation. 

lo.p.sruo, 1S!I2: U.S.P. 520770 , 18i)4: D.K.P.TODIKMWW; F.P.227d;M, IHiKj; 
Dan. P. Jiin. 12, IS})7; Helg. P. \mm, IStKi; It. P. 33347, 1S<I3; Ausl.-Hiin. 
1’ Aug. 2S, 1S1I3. all taken out in the name t»f Cross, Pevan & Beafllc. TIjc original 
a|>i)lic.a1.ioii was taken out in (Jreat Britain, being No. 301)2, dated J'cb. 11), illOl. 
Abst. 1S1)3. 12, 181)2. See also (’. (’ross, Jb.P. 4713, ISDG; Aust. P. Pel). 

1). 181)5; July 15, 181)5; Port. P. 2325, 18<)7; Russ. P. Apr. 24, 181)0; 2000, Jan. 
13. 181), S; liuug. P Jan 1), 1800, (Yoss, Bevan & Beadle, E.P. 351)2,1001; lYP. 
201540, isDO Their original method consisted in treating the cellulosK^, prcferaldy 
cottoi.. with 12 '2.0% caustic soda to saturation. When the mass liad l)ecome 
uniformly .saturated, the cxce.ss of alkali was removed by squeezing or cenlriP- 
iigally, the lesulting ma.ss holding from two to four times the amount of alkali 
of the original weight of cellulose acted upon. 4'he alkali cellulosi' mass was next 
broken up, placetMn a closeil chaml)cr, either )ieated or under vacuum, am! 10 40^/^, 
carbon bisulphide (calculated on the cellulo.se), added preferably in spray, the alkali 
cellulose l>eing meanwhile continually agitated. The action completes itself in 
from three to five hours, but may be prolonged with advantage when it is dcsire<l to 
produce a compound as frex? as pos'^iok' from residual fil)cr. 

I’he prcxlvict obtained by nuxins of this treatment is so viscous as to re<iuin‘ 
the mechanical aid of crulehing or padilling to bring it into homogeneous suspension 
in water. It will be noted that the cellulose xanthate was not purified from su!)- 
Bidiary and mictiiig products in this original process, although purification methods 
were subsequently descril)ed (U.S.P. 717355, 11)02). At the time the original 
process wa.s patented, the inventors had no other end in view ljut that of deixisiting 
the cellulose on textile fibers and fabrics in such a manner as to obtain various 
printing elTects. 
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of regenerated cellulose. In the Journal of the (Jieniical Society, 
1893 , 63 , 837 , the thcoreti(uil aspects of the interaction of alkali- 
cellulose arc discussed, and in the Journal of the Society of (.hcinical 
Industry for the same year (1893, 12 , 198 i) are described sonic of the 
industrial developments opened up by “Ihe recognition ol this par¬ 
ticular syntheth^ capacity of cellulose.” The name Viscose” was given 
to cellulose xanthates by its discoverers on account of the uncommon 
viscosity of the aqueous solutions, and the, name “Viscoid ’ to the 
regenerated cellulose obtained from x isco.se, becau.se in physical deport¬ 
ment it so strongly resembles tin' jiarent substance,s. \iscol, vis- 
colith, viscine, and viscoloid, are terms not ju'operly ajiplied to this 
material. It appears that the only object the inventors had in view 
at the lime of their discovery was to .succeed in depositing cellulose 
on fabrics, threads, or woven jiieces. The cellulose .xanthates are 
intimately connected with nitrocellulo.se and may be considered as 
c<.)mprised within the subject ” Xitrocelhilose Industry,” as the for¬ 
mer arc extemively useil in the ])reparation of artilicial tilx'rs, in 
plastic aggregatf's, and other technical uses, where t,hey are (‘xteiisively 
associated with or compete against the cellulose nitrates, ('('lluloid 
ami the pyroxylin plastics. 'I'he history (brief in years only) of these 
ccllulo.se derivatives, is e.s.seutially comprisi'd in t,echnical ])rocess('s 
and discoveries in ])uriiying the jjarent product, or ('xtending th(' 
fii'ld of usefulness to vaihuis commercial industries, and will iollow 
incidentally to a descrijition of the- relinements in manufacture and 
the extension of commercial iiossibilities. In conliu'mity with pre- 
\'ious sections of the work, the raw products used will be fii'st taken 
up and discu.s.sed, the foi'ination of viscose and alfied compound,', 
with their intermediate and subsidiary jrroducts described, followed 
by an enumeration of the technical uses t,o which th('.s(! pro<lucl.s 
have b(ren put and future' possibilities in e.xpandiug' ihe art. 

The industrial development of viscose combinations in sonu^ dii'(H’- 
tions has not been as satisfactory or rapid as predicted. The com- 

1. .\lso Bull. Sec. cliini,, tstlli, ‘.1, 2!).'); Sci. .tni. .Sui)|>l., SCi, H7I)K, See 

.also Cros-s, Bevan & Beadle, tier., 2(i. 1(1110; C. Beadle, .lour. Frank. In.st., 

]8!I4 138,' 100; 1807, 143, I; C.N., I,S!I7, 75, 74,80; H. Strelilenerl, ('liem. 7,lg_, 
lOOl’ 25, '807; O. Witt, Papier '/Air.., 1000, 25, 2787; Bardy, Bull, d'ene , 10(K), 5, 
;121-' Lo tion, civ., 1000, 37. 382; S. Ferenezi, Z, ang. (diem., 1,800, 14, It; Mon. 
Text. Ind., 1800, 14, 03; Papier Z., 1800, 24, 31; Am. Apotli, Zlg., 1800, 20, 03; 
M. Prnd’homme, Monit. teinl, 1002, 4(>, 213; L. Lefevre, Bev. gen. des -Mat, cnlnr., 

I, S!)7, 133; 180.8, 240; Nature, 1808, 20, 140; Leline's Farli. Ztg., 1.808, 0, 100; 
Leiiiz Fart), u. Must. Ztg., l.StIO, 48, 30; B. .Margoselies, Zeit. f. d. ge.s. Text. Ind., 
1000-1001, 4, 210, 227, 243, 2.10, 27,O, 200, 307; 1003 1004, 7, 001, 01.7, 043, 0.57, 
071 08.5, 000, 713; 1004 100.5 , 8, .57 , 71, 8.5, 337, ,510. .533, ,501, .57,5, .580, 017; 
1005 1000, 9, 01, 7.5, 80, 173; R. Strehlenert, alist. Fhem. Ztg., 1000, 24, 1100; 

II. Rousset, Rev. gcii. sci. pur. appl., 1010, 20, 831; F. BcUzer, Rev, g6ri. chilli., 
1010, 13, 72, 
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plications resultant upon the introduction of alkali residues and sul¬ 
phur groups into the colloidal aggregate, have developed factors 
which require much methodical and painstaking, cxpi^rimenta! research 
for their satisfactory toc^hnological utilization. The spontaneous 
decomposition of viscose solutions; their gi’adual deterioration; thc 
absence of a general theory of the colloidal state, arc factors which 
have necessitated the development of the art primarily on a purely 
enqnrical basis. 

Alkali-Cellulose. John Mercer first observed in LSI 1 that by filter¬ 
ing strong caustic soda solution Ihi’ough cotton, the latter- swelled ttp, 
shrunk greatly airrl becrrrtie rrror-e tr'rrrt.sjrar-errt. Iir or'der to e.xaminc 
rrror-e clrrsely irrto the phenomenon. Ire rrreasured the derr.sity of the lye 
br'fore atrd after it had passed thr'tnrgh the crrttrrrr, arrd fotrrrd that it 
decr-rrased fr-t>nr I.Ht) to 1.2.5. As the r-esrrlt of his investigatiorrs, 
it was fourrd that (e) sidphuric acid anti zinrr chloride rtttder certairr 
crrnrlitiotrs react sintilai-ly; [h) wrrrrtring the alkali solirtioir retards 
the actirrn, whil(“ cooling the solulitrn accelerates it; (c) best results 
rtre obtaiirerl when carrstic stHla solution of 20-50° He. is u.sod, the 
Irntttiess of thrr threads iitci-easittg in the rrrtio of 13-22; (il) the actirrrr 
of the alkali ort the cottoir is htcreasrrd with thrr crrncerrtration of the 
foritrer. The first iiaterrt for the treatnrent of cellulose with alkrdi 
was takeir out by Mercer itr bSoO.' 

AV. (Vutrt- tte\t itr vest igateil the clrrrtrges in the. rtrinrrte stnreture 
of tire cotton cr'll indtreed by the treatrrrent with ttIUitli, and together 
with the work rtf J. (iladsUrtte it was establishrrd that with solu¬ 
tions of soditnrt liydro.vidc of strerrgths excer'dittg tOCI NaOll, rrt 
oi’dinary tit'rttperrrtrrrr'S whert brorrght hr contact wit.lr ctdlulose, itr<lirc(Hl 
the chtrtrges nu'ntirrrred above as the rcsrrlt of a rlelrrritr! reaction betweerr 
the cellulose atrd hydroxide, itr the ratio (o 2 H 2 nOin- 2 Xa()U, accoitv- 
jr.-rttied by hydratiorr. This cottrirortrtd of cellulrtse and alkali is not 
firmly fi.xrrd, as is .seett by the fact that decorrrpo.sitirtn resrtlls even ttirrttr 
washittg with cold water, the alkrdi re.mrdnittg unchanged, and the cellu- 
Itrse chairgittg to the hydrated fornr Ci-^H^nOrn- Hirfb Upon treatrttcnl 
with rtlcohol instead of water, but one-half of tire rrlkrtli is lilrerated. 

1. E.I*. 13200, IcS.-iO. See ritso DiitR. Poly., 1S51, 122, 31S, anil Polyfochnisolic 
ZeituriR, inilrlishcrl liy Lcuclis & Co., .Ian. '2S, 1.S47, for Ciprrnan claim to priority 
of (liscovery of action of alkali on cellulose. In Enuland Mercer's jrateirt wa.s followed 
by E.P. 'iilfiti, 1SG7, .1. Saoli.s: .Mlit, ISSl, C. Lij'htoller and .1. l.ongshaw; ISlfi, 
1SS2, E. Fremery and V. tJrhain; 3103,1SS3, W. Lukacs and ttic celeliratcd patents 
of tt Depoully, ‘istiOtl, 1,SS3; SO-lk’. I,S,S4; 1.7140, IS.Sd; for the prodrretion of crimped 
and crcire etfccks, by merccrizimt celliilosi'. 

2. J.C.S., ISfiii, ill, 404. lie showed tlrat the changes in the microscopic structiire 
of the cotton cell ttn.ler the action of the rdkali is analogous to the natural process 
of ri|)ening. 

3. J.C.S., 1S.)3, .7, 17; J.pr. Cfiem., 1S52, 5(1, 247. 
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E. Thiele' corroborated the coiuposition of allcaliK'cllulose ii 
stated above, and showed that in tlie interar'tioii of tlie latter wit', 
carbon bisulpliidc, whereby viscose is fonned, the alk,‘di-e(!llulos<^ sceiii' 
to play the rOle of an alkali aleoholate. More recently W. Vieweg ’ 
and Wiscelhaus and V'ieweg ■’ have investigated the eheniical natun 
of alkali-cellulose, and find that at the concentration most suitable, 
for mercerization the alkali and cellulo.se combine in molecular 
proportions, cellulose being taken on a ('^ molecule.'* J. lli'ibnei'*' 
with F. Telhscher,® also J. l^ester^ who have studied the action of 
caustic soda on cotton, (piestion the existence of a definite edhilose- 
alkali compound. 

Thiocarbonates and Xanthates. As carbi dio\ide may lie 
regarded as the anhydride of carbonic ticid, and i:biui.'iies tnay be. 
fonned by the interaction of an alkali upon the auliyi lidi fc example: 


rO_. i- 2NaOH ... Na,rO, -p Ha, 

CHrljod Sodium Soil an* , 

dioxide liyiiroxide caibidinic ' '■ 

so also carbon Insulidiidc may be regardi'd as the anhu. hie <.l triihio- 
carbonic acid, according to the followiiu', eijualioir 


CO 

(LNnOIl 

— 2.NiL2^ 'i' 

Xiod'()..i 1 Ib.o 

f'ajbojj 

Sodium 

Sodium 

SoihlHIl 

bisuUddilo 

liydruxidf 

(ritluoi ui bouaiu 

curbuimic 

CS;i 

+ 2i\'aSII 

= Na^CS;) i- 

lb,S. 

Ciiibon 

Sodium 

Sodimn 

U.tdioectt 

Msuliilndc 

liydrosiuljjliido 

trithiuuui boiiiitt 

Nuljihidu 

whieli 1 

•elationship Iretween carbonates 

and tritliiocarbonate 


apparent. The thiocarVionates or sulpliocarbonates are readily decom- 

1. ('hem. Zts., 1001, 25, 010; 10(M, 2S, Tlo: Zoil. Farli. ii. Text. ('hem.. lOO'i, 
l,7:i. S(!e also Thiele, U.,S.l’. TlOSli), lOO'J; ToO.KLMOOl; E.l>.,SOS:!, 10112; i).R,l>. 
i:j:!4‘27, 10i;!12, 157157, 1001; IIS.S.HO, 100'.>; I,')t.j07, 1001; Helg. P. 102701, 
100‘2; 17I0.S0, lOO:!; K.P. :i‘201t0, 1002; E. I!,c,sch, U.S.P. 7OSl.'i0. 70S1,57, 1'.I02; 
lOoc. gOneinle fie sole artifieielle pur le proel'dfi Viscose, .tost. P. 211.S2, 1005. 

2. Ber., lOOS, 41, O'iOO; Papier ZtR., 1007, 32, l:!0, 171; (hem. ZIk., 1007, 31, 
5; W. Papierf., 1007, (1) 38, ISOO. S«‘also Viewei;, ahst. .I.S.C.I,, lOOS, 27, llS; 
.1. Hri)y;s, “Adsorption of Iriodhim Hydroxide by Cellulo.so Ilvdrates,’’t'hem. 
Zeit., 1010, 34, 455. 

3. Her., 1007, 40, 441. See also 0. Miller, Ber., BIOS, 41, 4207; Jour. Russ. 
Phys. Chem. Soc. in Chem. Ztg., 1005, 20, 401. C. t:ro.ss (D.R.P. tl2500), ndio has 
prep,arnd viscose from hydroeellulose, finds that it produces a less .satisfactory 
material, although but lialf the ([uantity of caustic soda or cariron hisulphidc is 
used. 

4. W. Ilerbig, Zeit. Text. Ind., 1900-1001, 4, 7.S5 ; Baumann, Ber., LSSO, 10, 
3218; C. Cross, C.N., 1888, 57, 39; L. Vignou, Chem. Zlg., 1900, 24, 999. 

n. J.S.C.I., 1909, 28, '228. 

6 . J.S.C.L, 1909, 28, 641. 

7. J.S.C.I., 1909, 28, '230. 
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posable bodies. Theoretically one, two or three oxygen atonw in 
carbonic acid (H 2 GO;)) ni.ay be replaced by sulphur, forming mono-, 
di- and tri-thiocurbonatcs of the general formula H 2 CO 2 S, H 2 COS 2 , 
H 2 CS 3 .' The mono-ethyl ester of a;/?-dithiocarbonic acid 
(C 2 H,i; 0 -CS'SH) is xanthic or xanthogenic acid. 

This body is not stable in the free state, and is known only in its 
salts and estcre. Potassium xanthate may be readily formed by 
dissolving pota.ssiiim hydroxide in alcohol and adding carbon bisul¬ 
phide to neutralisation. On cooling the .solution potassium xanthate 
separate,s out in colorless, silky needles, which become yellow on 
exposure to moist air, carbon bisulphide being evolved. When the 
potassium s.alt in aqueous solution is treated with dilute sulphuric 
or hydrochloric acids at 0 °, xanthic acid separates as a heavy, color¬ 
less oil, which immediately begins to decompose with liberation of 
carbon bisulphide, and alcohol. Xanthic acid decomposes carbonates 
and forms a scries of salts, which possess very characteristic colors, 
such as, for in.stauce, the coi)per salt, which is intensely yellow, from 
which fact the acid r('cciv('d its name “ xanthic.” ^ 

Cellulose Xanthate. .\h ])rcviously stated. Gross, Pcv.an, and 
]5cadl(! W(-re the first to investigate the inb'raidion of alkali-cellulose 
and carbon liisulphide in the formation of cellulose thiocarbonates, 
and laid down the conditions most favorable to thiocarbonato fonna- 
tion.'' \Mi(!n any foim of cellulose is treated with a concentrated 
solution of an alkaline hydroxiile, and the alkali-cellulose thus formed 
expo,sed to the vapor of carbon bi.sul])hide, action ensues, the nuvss 
swells tip, becomes yellowish, and on treatment with water, passes 
('utirely into solution or distention. 


1. l''or TioTTionolalarc nf thiocarlioiiic aciih sec Ttornth.scn, Ann., 1.S82, 211, .So; 
K Jlofinann am! !’. Ilnt’litlon, Ttor., 1003. t!!i. lltti. 

2. Zt.e, Scliw. 30, p. I; 13, 1(10; Tllasiwetz, Ann., 1S()2, 122, .87; .^acc, 
Ann., 1S14, 51, 315. M. liagg (Cliom. Zts., 1010, 31, 82) lia.« shown that the 
yellow ])i'iwi|htate whicli alkali xaiithogenato produces in a copper salt solution is 
eiiitrous .xanlhoRcnatc, and the free xanthogenate acid radicals unite to form 
dixunthagen, C,Tl5Or„sSS(tS,O0jTTj. At the heginnijiK of tlai reaction, no cuprous 
xanthogcnalc is formed, as is given in most texts, but copper thiocarbonatc, eop- 
|)cr mercaptide and similar compounds. The thioearhoiiic acids are formed by the 
gradual decomposition of the aqueou.' xanthogenate .solutions I v the alkali which is 
always used in cxcc.ss. In the prejiafation of xanlhogenie ac. . from carljon bisul¬ 
phide, an alkali hydroxide and ethyl alcohol, the water that i.s formed in the 
reaction sets n|) a reversible reaction, (leeomiiosing the acid to such an extent,, 
about 25%, tliat it is de.sirable to exclude the water altogether. This may be 
(lone by preparing it directly from alkali ethylate and carbon bisulphide. The 
copper xanthogen.ato prepared in this m.iiiner does not give the usual brown color, 
but a pure yellow, free from Ihe usual decomposition products. 

3. Tsn3, 63. 837; Her., 1SU3, 26, 1090, 2,524; l.St)3, 12, 498; 

Sei. .4ni. Siippl., 1893,36, 14708; Beadle, .lour. I''rank. Inst., 1S93, 138, 100; Dingl. 
Poly,, 1S91, 261, 210; R. Slrelilenerl piid Westergren, Chem. Ztg., 1901, 25, 1100; 
J. Westergren, Teknish, Tklskrift, 1901. 
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The action rapidly proceeds when the reagents are brought together 
in the ratio 

C, oHoflO ,0: 2Na30; 2CS2; 30 - 40 II3O. 

The reaction being rein-cscntcd thus; 

XONa + CS2=SC<^g^^ 


The crude solution obtained by dissolving the reacting mass in water 
and containing yellow by-pi'odncts (mainly trithiocarbonate), may 
be purified by precii)itating out the cellulose derivative with alcohol 
oi' saturated brine. 'The iiurified product is not celhdose xanthate, 
analytical figures pointing to a combination with alkali, and is more 
pi'o])erlv described therefore as the sodium salt of alkali cellulose- 
xanthic acid, Solutioits of this comi)ound yield bright- yellow ine- 
cipitates with mercury and zinc salts and orange yellow with the salts 
of leiid. The ])urified compound, however, in the presence of water, 
gratluiilly rt*\'(*rl.s t-o c(4hdose, and iijmn tia* utilization of this fact 
has been built U]) the industriid uses foi' visi'ose (alkali celhdose xan¬ 
thate). 

Viscose solutions are precipitated with iodine, the preci()itate being 
a thio-dcrivative which can readily be dlssolveil with fonnation of the 
original compoitnd. This reaclitm, which may be exiirtisstal a.s follows, 
yields fairly constant (piaiititative n'sults:' 


US 


A)X 


\S.\a ^ NaS/' 


S + l2-2XaI-l-CS 


,«/OX X(K 


-s/ 


€,S. 


In a later investigation ])ublished in 1001 ^ Cro.ss, Revan and Roadie 
have stuilied the progi'csslve reversion which the collulose-.xanthate 
undergoes on keeping, and find that when the maximum d<!gree 
of I'caction has been obtaimal, by ttsing excess of carbon l)isuli)hide 
fur a lung time, there is evidence of the production of the compound 

Na-SCS-0- 0011904 , 


termed the xanthogenatc. This is not precipitated by salt, even 
after acidification with acetic acid. After twenty-four hours at the out- 

1. Tlie ratio is I 2 :S„ the latter representing one-lialf the total sulphur of tht 
xanthate. T'hc ratio obtained by ('i-oss, Revan and Readlc is in exee.ss of this by 
exactly onc-half, that i-s, SRolSj, the latter representing the total sulphur of the 
cellule!,s(! xanthate. It would appear therefore that the sodium atoms in the alkali- 
ccliulosc also react, oxygen heing fixed. 

2. Rer., 11)01, 34,1.IIH. See also bindemann and Matlen, Hull. 4cad. Roy. Bcig., 
i'.i) 23, S27; (lardner, Muster Z., IS'.Hi, 4,">, ,'107. 
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side, it reverts to the C12 xanthof;enatc, which tonns the basis of the 
ordinary industrial viscose. The C12 xanthogenatc is soluble in water 
after acidification and jirecijiitation with brine. If no excess of cau.stic 
alkali bo i)rc.scnt, the solution sets to a solid nia.ss after six to ten 
days and the inoduct Is then found to Inive the composition of a C24 
xanthogenato. This coniiiouud is insoluble in water, but Is readily 
soluble in caustic alkali and can be separated from its alkaline solu¬ 
tions in tlu! ])ure state by acidific:ation and washing. On further 
keeping, tlu; {^,4 xanthogenate gradually reverts to a cellulose hydrate. 
It is i)ointod out that none of the.sc changes take place suddenly, but 
that intennediatc ])roducts and mixtures may be encountered. The 
I'emai’kable influences of excess of caustic alkali on the solubility and 
viscosity of the xanthogenate preitarations at all stages of their 
('vistence, indicates the ])articipatiou of the second reactive hydroxyl 
of the alkali-cellulose in the i)roduction of sohd>le derivatives. 

Maturing or Aging the Viscose is a partial transformation 
of the cellulose xantliatc, which is necessary for the industrial utiliza¬ 
tion of the cellulose (viscoid). After the cellulose (pul])) has l)een 
cut u]) in a rasiiing machine and ])lact'd in a rotationg drum with 
the soda and agitated until ai)parently a homogeneous pi'oduct results, 
the caustic soda and cellulose is loft a further iieriod of twenty-four 
to forly-eight hours for the alkali to unifonnly diffuse, through the mass 
and thus ])i'oduce the maximum amount of water-soluble product. 
.\flm' the cai’bon bisid))hido has been added and the mi.xture agitated, 
a second maturing or ageing ])rocoss is carried out, this time in order 
to obl.aiii a desired fluidity, and reach, a .state where it is instantly 
and comi)lotely coagulated by the a<'tu)n of a salt solution. The 
(ii'oduct is then carefully filtered from any unacted upon wood or 
col (on fihuncnts, and placed in receivers, where the material is ineferably 
keijt at a temi)eraturc of 0-2° that the minimum (diango may taki; 
])la(e until it can be u.sed. 

According to one irrocess ’ the viscose is treated in a vacuum- 
jacdich'd kettle j)rovidcd with stirring arms, and so arrang('d that hot 
nr lefrigcrated air may entei' the jacket. The maturing process can 
be effected in this apparatus, according to the designers, best at a tem- 
irerature of G0° in thirty to forty minutes, and under the vacuum, the 

1. Soc. France (Ic la Vtsooso, F.P. S74123, lOOfi. According to their D.TI.P. 
22.'t7a(). 1907, in the enriching and maturing of visco.se solutions, the evaporation 
of the It/) in I he viscou.s .solutions is effected in vacuo with a suitable heating, a.s 
gentle a.s possible, the di.stilliitioii Ix'ing diseonlinucil after sufficient concentraiion, 
whereupon after cutting off the evaporator from thcairpum]), the mass is injiin- 
tained under decreased pressures in order to effect complete maturing, and is finally 
allowed to cool under tliat pressure.. In this manner viscous solutions maybe 
enriched to 1‘2-15% cellulose. 
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water in the viscose l)oils iiiul is rapidly removed, the vohilile sulphur 
compounds present being expelled with the water vapor. 'I’ho solu¬ 
tion is thus simultaneously concentrated and purified. When matur¬ 
ing is complete, the contents of the vessel are rapidly cooled by the 
circulation of cold water in the jacket, thus stopping the jn-occss at any 
desired point.’ H. Haller ^ claims to increase the stability of viscose 
by the use of sodium amalgam; but does not state the percentage of 
sodium to mercury in the amalgam whiidi ]n'oduccs best results. 

Precipitating or Fixing the Viscose docs nol, a- has been stated 
in literature, mean the change from visci'.se to ccUulo-c (viscoid) ■’ 
The free sodium hydroxide must be “ fixed ” or neutralized, or the 
formed filaments will reuniti' after emerging from the spinnerets. 
Hroadly speaking, the manufacture of filaments and threads of visi ose 
nay be characteriiied a.s taking place in a two-fo d proce.ss, viz., die 

1. As V. Erast law pointed out (I'.S.P. StiliTiKi, lilO"), it is well known Hint 
if Uie viaeiwe formed by dissolving the eellulosu xantlnUe in n snilidiie solvenl 
1)0 allowed to stand or “age” for a suiricicnt length of Iniie it will of " <.]| ehange 
nr eoagulate, it will be nppuiont that the function ef tne 'agim '' o ki -s is to 
allow the viscoso to approach but not rpiite reacli Hint erilieal p>.,i i id vMneli it 
of itself coagulates, so lliat all that is needed to Inuisfoi'ni it into n tilnmi nl is to 
spin it into a weak neutralizing bath. Bntonaoeouid ol tlielnet ih.il it is I'lipossible 
to obtain al'soliitoly uniform eelliilose xamlintn iiy the xnnlnizing proces-, (he 
result ia tlial dining tlie “aging” process eertaiii [lerliens or patts of ttie n.seiee 
will “age” toomueh, and partieles will ITeipiently ei.aguliile and change into dark- 
colorcd eompound.s, wliieli greatly interfere with llie spiiini)'g liy elogging llie 
minnin apertures in tlie siiiimerel and tlierefore materially dt'iireeiide the (|Uidily 
of the llireivds or filaments produced. This coagulating ol pnrt.s of tlie viseo'c 
appears to be due to the further action of ciirlion Ijisiiliiliide upon the ccIIuIom- 
during the aging process. Moreover during the time reipiirod tor the aging, tlie 
discoloring impurities in tlie viscoso constiiiuly increase, on account of the forma¬ 
tion of soilinm tliioearlioniitcs and sulpliide.s. 

The olijeel is, first to produce a viscose wliich does not reipiire to lie aged, liiit 
will coagulate immediately upon its injection into a weak acid bulli, iiltliougli 
the viscose i)c fresli, and to preserve tlie viscose, and second to so elieck tlie action 
of I,lie carbon lii.sulpliidc ivs to cnalile it to lie .stored until it is needed for .spinning, 
witiiout producing tlie imde.sirable results aliove staled. The patentee aceomplislies 
tlie first of these results liy (Iksolving a Euilalile (|uaiility of a iiontrid salt in file 
.solvent for tlie cellulose xanthate, before tlie cellido.so xanlliate is lulded. 'I'lie 
salts of siKliiim parliculiirly adajrted to this purpo.se are sodium eivriioniitc, sodium 
.sulpliite, sodium silicate or similar salts, since tliey impart to the viscose the proiierly 
of coagulating immediately wlien ejected into a weak neiitralizing bath. Tlio 
process of the Vereinigle Kimstseide Fabr. Akt-fles., I’.P. ;il7()ll4, 111(11; 

:i2:i474, ;12:H7,'), 1002; D.R.P. 12,ra()0, 1000; l,i,')74.5, ls:i(i2;i, 1002; lielg. P. 104000, 
1002; E.P. 17501, 1002, is practically the same, KOII being substituted for 
NaOII. 

2. Zeit. Farl). Text.-Ind., 1004, 3, SI. See also First Austrian Soda Works, 
D.R.P. ll.")8,5fi, 1800. 

H. I'Toshly formed viscose would lie coagulated and transformed into cellulose 
by ojeeting it througli a spinneri't into n strong acid liatli, Imt a tliread or hla- 
ment of the same could not be formed commercially, licciiiise llie cellulose resulting 
from such treatment or process is very weak and possesses little or no elasticity. 
To spill a strong elastic thread the viscose must be ejected into a weak neutral¬ 
izing lialli, or in otlier words it is nece.ssary to einiiloy or pioduco a viscose wliich 
will coagulate immediatidy into a filament when it is ejected into a weak neutral¬ 
izing bath. 
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viscose iiiimediutely upon its discharge from the spinneret is primarily 
“ set ” with svifficient firmness to undergo the spinning operation, 
and thoreaftcr at a later stage the complete reversion of the viscose 
is ofTecled. The so-called “ setting ” is partly a dehydrating action 
and partly an elinvination of the alkaline constituent of the viscose. 
The great desideratum is to effect this primary double action rapidly 
to such an extent that the filaments shall become immediately firm 
enough to jiermit proper manipulation by the spinning apparatus. 
V'arious dehydrating agents have been employed, among the most 
advantageous of which is alcohol, and acids have been used in con¬ 
junction with alcohol as a setting-bath. It has been found, however, 
that when a weak acid is used the setting process does not proceed 
with sufficient rapidity to permit continuous spinning at the most 
desirable rate of speed, and, on the other hand, if a strong acid 
is employed to exj)edite the setting, the ultimate product is 
weakened. 

Ammonium and magnesium sulphates, sodium phosphate and other 
salts, have beam suggested as coagulating media, as well as glycerol, 
melhyl, ethyl and amyl alcohols. M. Miillcr' ])roposes to substitute 
the usual ammonium sulphate or alcoholic i)recipilauts by a bath 
consisting of 40 k. sulphuric acid 00° He. and 00 1. water, claiming 
that highly lustrous threads arc thereby produced, the acid being 
nun h less expensive than ammonium salts. 

The use of certain salts of oi’ganic bases, as the hydrca’hlorides of 
anilini', loluidine, .xylidine, pyrirline, benzidine and naphthylamine 
have bf'en advocat(Ml,- I he advantages claimed Iteing that they are 
more I'eadily I'emovi'd b'oni the [)recipitated cellulose bx^ w'ashing and 

1. IT.S.P. s:i(i4;V2, l!)0(i; E I>. 10001. 10(H), Papier Ztg,, lOO!!, 28, 17.51. .Accord- 

iriK i<j Pitiol r'rrrc.s, I'M’. MK).**?!, 19()S. un acid solution containiiiK a difficultly 
(•rv-;(al)iy.al)l(* organic siibslaiirc is an cnicient coagulate, the followiiif^ hath being 
roconunciulcil: glucose .‘10 gin., sulphuric acid 0(5° Be. 15 gin., water 55 gni. Glycerol 
aiul ineiie aciil is recommended in F.P. d!)15S0, Soc. franc, do la Viscoye. 

It lia.s jk‘(‘U Idiind, however, (liat (lie use of an acid bath tends to weaken the product 
wlH'tiever the liianienl.s wliile .still moist with the acid stilution are exposed to the 
air for any considerable length of time, tlie weakening effeet l)cing more and more 
marked in accordance with th(‘ strength of the acid, (h Waite (U.S.P. 7t)cS027, 
1!)0.5), has found that the removal ttf ilie alkali may be accomplished with sufficient 
rapiiiily by (he use of a saturated afjueous solution of sodium bicarbonate or ammo¬ 
nium carbonate, or bicarbonate, logetlier witli ammonium sulphate. It ia claimcil 
that tile free or snr))lus caustic alkali of the vi.scose is rapidly removed to the desired 
<‘\tenl by the unsalisficfl carbonic acid of the bicarbonate, the action of tlic ammo- 
niiun sulpluite being to coagulate tlie viscose*. 

l'li(* filaments which have lK*en .set by a solution of the above-described clmructer, 
and spun in tlie usual manner are Uien reverted, preferably, by means of a solution 
of ammonium sulphate. Thereafter the usual washing and drying processes are 
employed. 

2. S. I’issarew (PLs.sarrv, IVesarc'r), K.P. 1C5S3, 15)05; F.P. 357056, 11)05; 
Belg. V. 1S(555«, 15)05; U.R.P. Amu. 153.30, Oct. S, 15)03; F & A. Lelmcr (U.S.P. 
724020, 15)03). 
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can be dyed durinfi; the manufacture into threads.! After treatment 
with these bases, the filaments are ideached, a^ed and otherwise 
treated as usual. The proportion of coagulating agents used are varied 
according to the fineness of filament to lie produced and the par¬ 
ticular conditions of the viscose under treatment. 

Occasionally the use of ammonium chloride or ammonium sul¬ 
phide causes the deposition of free suljihur upon the filaments, while 
with sulphuric acid as a fixative, the odor of hydrogen sulphide is 
often quite offensive. By the emplo 3 unent of sodium acid sulphite 
as the setting solution as described by C. Waite- these drawbacks 
are obviated. For the purpose of hardening the filaments and render¬ 
ing them less liable to injury by abra.siou during the sub.sequent finish¬ 
ing jn'oeesses, it is advantageous to add a saline solution to the acid 
sulphite bath. Be.st results are claimed to be obtained by ])re])aring 
the bath of saturated aqueous solution of sodium acid sulphite con¬ 
taining n.5-12% of available sulphurous acid, and to this Ls added 
10 % of its weight of a saturated aqueous solution of sodium chloridt'. 

1. Lalioratory dyeing receipts arc given for tlie prodiielion of aniline lilaeU 
on tlie HIht, the solution bcfoi'e spinning l>eing treiiled with ().l)(KKH% sodium 
vanadate. An automatic machine (or fi.xing viscose filaments lias Ikvii patented 
(E.P. ;M0S12. 1(»04; E.P. 5730, lOOl; alwt. J.S.C.I., litOt, 23, K2j) hy the Soc. 
franc, de la Viscose, in wdiicli tlie skeins of tlireads are suiiportcd on a pair of rollers, 
mounted in a vertical plane, in a vat. -An acid spruiklcr is supported over the 
Hi))ier roller, which is fixed iti position. The lower roller can he raised or lowered 
hy means of a pump, to permit the skeins being iiut in position or lemoved. Each 
of the rollers can be rotated by belts from the siune shaft, which is fitted with an 
arrangement of cams, whereby each roller may be caused to perform a [lortion of 
a revolution alternately, thus constantly altering the position of the skeins on the 
rollers and insuring regular “fixation.” To make the viscose more llexihlc](('ourtaulil 
& Wilson, E.P. 214(15, 1907; U.S.P. 970.’iS9, 1910) gluco.se may be added to the 
precipitating bath. According to F. Todtenliaupt (('hem. Ztg., 1909, 33, 1149) in 
making vi.scose from long-filrered materials, such as cotton, by the usual method of 
shaking the alkali cclliilo.se with the carbon bisulphide, there is a great tenilcncy for 
the fillers to pack together into balls which are not easily attacked by the carbon 
bisulphide. By using an indifferent solvent, such as licnzin, ligroin, carbon tetra¬ 
chloride, etc., this packing together is obviated and the alkali cellulose and carbon 
bisulphide come into intimate contact. With most forms of cellulose, stirring is not 
necessary when such a solvent is used. The solvent is separated from the vi.scose by 
centrifuging or filter-pressing and usoil again. 

2. U.S.P. 759332, 1904; 816404, 1900 ; 849823, 1907. This process is said to 
lie particularly valuable in connection with the manufacture of that form of artifi¬ 
cial silk wdiere a niimlrer of very fine viscose filaments arc twisted into a composite 
strand, for the steaming eliminates all traces of caustic soila, the iiresencc of which, 
even in small amounts, tends to rcdiasolvc the surface of the individual filaments, 
which are liable then to agglomerate into one coarse thread. The thorough steam¬ 
ing also removes any residual sulphur, which, depositing on the surface of the 
filaments, would dull their luster. The reactions occurring in the above method 
may lie described as follows: The viscose compound is decomposed by heat into 
cellulose (viscoid), the sulphur containeil therein is transformed into sodium tliio- 
sulphate (so-called hyposulphite), and the sodium hydroxide resulting from the 
decompo.sition of the cellulose sodium xanthatc is neutraiized by the sulphurous 
acid—whether this be used alone or contained in the acid sulphite salt. After 
steaming it is only necessary to wash the filaments and dry them. 
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The setting bath is preferably heated to about 60° and after treatment, 
the threads arc subjected to the action of steam in the presence of the 
residual sulphurous acid, the steaming process being continued from 
one to two hours, de]Xinding on the thickness of the filaments, which 
are placed under tension during steaming to jireserve their luster. 
In another' process the spinning-bath ccunprises a dehydrating reagent 
which is otheiaviso inei’t towai'd tin; viscose, the preferred ingredient 
being wood alcohol. With this is combined an organic acid and a 
salt of an organl(' acid in solution in such acid, the ]rreferr(>d reagents 
being acetic acid and sodium acetate. As a working formula for a 
))ath thus constituted it, is stated that with ordinary commercial wood 
alcohol about 0% of acetic acid should be addfid and the mixture 
substantially saturatiid with sodium acetate, fllacial atetic acid is 
jireferably employed in order to niiiumizc the. incidental addition of 
water. The viscose is discharged into this bath in the usual manner 
through the spinneret, and the spun filaments are wound immediately 
after their emergence from the setting-bath. 'J'hc complete inver¬ 
sion of the viscose is then effected, preferablyby immersion in a bath 
containing an inert dehydrating reagent and an organic acid alone, 
as wood alcohol and glacial acetic acid in the prn])ortions above stated 
for those ingredients. The reverted filament is then wa.shed and 
dried. 

1. th Wiiite, U.S.r. 7028.SS, 100.'). Patent b1iou1(1 have been issued to H. Pettit. 
.\s “coagulating” or “.setting” in this connection, has to (io entirely with neutral¬ 
ly,at ion, It is apparent that the smaller amount of free caustic soda in the viscoK' 
solution, the ((uicker will the filament set or coagulate upon entering the precipitat¬ 
ing hath. It, is diflicult, liowever, to properly dissolve the cellulose xanthate io 
a sohnion of caustic soda of much weaker .strength than 5%. However, it has 
hcen found hy Waite (U.S.P, SPliTIo, IDOS) that after the sodium cellulose xivnthate 
or cellulose .xanthate has been once dis,solved in a caustic solution it will remain 
ill .sohition or distention, even though a comparatively largo amount of the alkaline 
solvent 1)0 nent.ralizcd. In other w'orda, although a suitaliie amount of caustic 
soda is iieceasary to properly di.ssolve and first form a .solufion of the xantliate of 
celhdo.-o wtiich will .spin well, the xantliate, when once dis.solved, will remain, 
without coagulation, in a state of sohition or distention in a medium wliich contains 
a con.sifleral)ly less amount of caustic soda than wa.s originally recpiired to dissolve 
it. Upon this principle is based a metliod of making a viscose which has the advan¬ 
tage of lieing a perfect solution attained liy the use of a .solvent liaving a compar¬ 
atively great alkalinity but in wliieh tlio alkali will not prevent a rapid coagulation 
of flic viscose in the settiiig, or neutralizing or coagulating solution. 

In carrying out this invention, Waite dissolves the sodium cellulose xantliate in 
a caustic soda solution (as for instance a .^% solution, or stronger) and after thor¬ 
oughly mixing olitain a solution or distention of the cellulose xanthate. An acid, 
or an'acid salt, is tlien added to the solution to partly neutralize the caustic soda. 
When so treated the cellulo.se sodium xantliate will remain in a clear solution or 
uniform distention for a day or more, according to the proportion of acid used, 
notwitlistanding the fact that it is held in a meilium which contains less caustic soila 
than was necessary to effect the uoiform solution, or distention of tfic xanthate. 
Although tlic cellulase xanthate solution is in a more unstable condition than it 
was before the acid was added, it is said to remain in a solution sufficiently long to 
be conveniently handled and stored .before spimiing. 
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Transformation of Coagulated Viscose into Cellulose is, 

according to C. Ernst,' host accomplished by immersing the viscose 
for some hours in a strong sodium bisulphate solution until no more 
sulphur is abstracted, or, in another process the bisuljjhite is used 
in conjunction with aluminum sulphate.” Sodium sulphide, sulphy- 
drate, thiosulphate, sulphite, and motabisulphite have also been 
claimeil as elTiciont, used in 10-bV^, aqueous solution. 

Another method of coagulation of viscose into viseoid, especially 
a]>))licable to thin bands or filaments, is by means of a blast of hot 
air. This is accomj)lished in ])ractic,o by causing the filaments as they 
emerge fi'oin the spinnerets to pa,s.s thmiigh a tube or chamber where 
they meet an ascending column of hot air, the teiuperat\ire of the air 
and the speed of passage of filaments being I’egulated so that the air 
is sufficiently hot, to properly coagulate the viscose by the tiim? the 
filaments have fallen the required distance, but on the other hand the 
filaments must not have been coagulated so completely that their 
pliability is lost and they break u])on reeling and winding. 

C. Waite " has disclosed a process for ))rcparing viscose sifter flio 
genenil plan set forth in U.SJh fi‘J077() sind t)012()(), but which will 
more slowly decompose, so that by reason of its prolonged life it is 
available or better adairted for use in certain instances. He has 
discovered that by adding one part by weight of spirits of turpentine 
for every pai’t by weight of cellulose origiiuilly taken, the life of the 
comjiound is greatly prolonged and the time between lipening and 
regeneration into the insoluble form thereby e.\teml(Hl. The tur- 
lientine is added directly to the alkali-cellulose immediately befori; 
its treatment with bisul])hidc. 

Purification of Viscose. The crude solution of cellulose xanthate, 
prepared by the interaction of cellulose, alkaline hydroxide and car¬ 
bon bisulphide is yellow from by-jiroducts of the action of the alkali 
on the bisulphide. It Ls necessary for the inajoi'ity of uses to which 
the viscose is to be applied, and is always advisable to as far as pos¬ 
sible eliminate these subsidiary products. The process of purifica¬ 
tion of C. Cross ■' is based upon the, observation made by him, that 

1. U.S.P. SGIUO'?, 1007. For method of iraiisforminn visco.so to cellulotse Hoe 

Hevun and lieadle, K.P. 409, 1S04; F.S.P. ISOS. 

2. Si>c. franco, de la Vi.seoHo. F.I*. lOOd. Soo \\ A.shrand, ulwt. Zoit. 

anp.Cliem.. 1003, Hi, 143; A. Hiuz, Jhitl., ISOS, II, 50'); L. Vossen, (’hem. Zoit., 
1S00,20, 3S5; M. Maiioiikian, ThitL, 1000, 24, 424. 

3. U.S.P. ()80330, 1001. Sec M. Ivitachelt, uhst. Ijohno Furb. Ztp., ISOS, U, 
201, 2S2. 

4. U.S.P. 703200, 10(>4; Port. P.4475, 1003; Aii.st, P. Mar. 20. 1S07; K.P. 
21U30, 1003; alisi. J.S.U.I., 1003, 22, 1303. In the metliod of purification of (Voss, 
lievan and lieadle (K.P. 3502, 1001; U.S.P. 717355. 1002), the crude viscose in 
irealetl with an excess of acetic aciil. or other weak acid such as sjilicylic acid. 
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when the crude viscoHe has stood for a time at the ordinary temperature 
01 ’ when it is heated at temjKiratures at about 50° for a siiort time 
it attains a condition in which on addition of a solution of sodium 
biiuirbonate the cellulose xanthate is precipitated. The precipitate 
is then further washed with sodium bicarbonate solution to remove 
the yellow by-products. The fact that the precipitant is of alkaline 
reaction enables the purification to l)e effected without separation 
of sulphur. The method is economical, as sodium biitarbonate is 
very (dieap and its saturated solution contains only S-9% of the salt. 
Moreover, the alkaline salts removed from the crude viscose are also 
in lai'ge proportion capable of conversion into bicarbonates and are 
then available for use in the purification process. 

/ For e.xample, crude! viscose freshly prei)ared and containing 8-10% 
of its weight of ecllulo.se is heated for one to two hours at 50°, with 
constant stirring. It is then tr(!ated with twice its weight of a saturated 
solution of sodium bicarbonate, the separated solid being broken up 
by agitation as the ])recipitiition proceeds. The gelatinous cellulose 
derivative is then collected on a filter and further washed with a solu¬ 
tion of st)(liuin bicarbonate until sufficiently fine from the by-products. 

Tlio alkali cclluliise xanthate or viscose is not ileeomposcd by the weak acid, whereas 
tlie by-products in-eacnt, such as alkaline curbonate and sulphocnrl>onatCB, arc 
broken uji and tlicir acids arc given off in the form of gas. 15y adding also to the 
acidifuai viscose a neutral deliydrafing agent, such as brine or alcohol, the purified 
alkali cellulose xanthate is iirecilatatcd in a non-visrajus hydrated form. The 
precipitate is .separated by pressing or centrifugal action, and may lie further 
purilied by wa.shing it with diluted brine or alcohol and pressing. It is redissolvcd 
by water and olitained as a carbonate and inodorous solution. Tiiis Bolutiou, or 
the crude solution acidified by a weak acid, may Is- used for sizing and coating 
paper of liigli grades, for warp sizing, and for finishing textile fabries. Insoluble 
salts of cellulose xalithie aeiil are |irodueed by adding sails of the lieavy metals 
t.o the aeidifieil crude solution of viscose. For exam))le, zinc acetate gives a |)re- 
cipitateof tlie zinc salt of cellulose xantbafe, which i.s soluble in alkaline solutions 
such as ammonia Tlie suljilmr eomponnds given olT in the purifying process and 
the ecelie acid conlaineil in tlie waste liipiors may be recovered. The process 
may lie modified by adding tlie dehydrating agent before tlie weak acid. 

In E.I’. 21111111 alKive referrc'd to the ordinary ernde vi.seosc, freshly prepared 
andcoiitaining.S-l(l'/;, of its weight of eelhilose in solution, is licated from one to two 
Iioui-S at .50° with constant stirring. It, is tlicn treated with twice its weight of a 
saturated solution of sodium bicarlioiiate, tlie .sejiarated solid hoing broken up 
by agitating as the iirecipitation proceeds. The gelat.inous cellulose derivative 
IS llieii eollceted on a tiller, ami further washed with a solution of sodium bicar¬ 
bonate until sufficiently free from by-pr<Hluct.s. It is then treated in a prcs.s or 
eentrifngal machine to remove excess of solution, then treated in a suitable ve.ssel 
with a strong solution of NaDIl addwl in .sufficient (piantity to redissolvc the cellu¬ 
lose com])ound, that is, reforming the idscosc in a purified form and deprived of 
alkaline liy-products. In washing the precipitates, the use of sulphite of soda 
may also be used, and is of advantage in facilitating the removal of the liy-products. 
A convenient strengtli solution for this purpose is obtained by dissolving ,5-7 parts 
crystallized salt (Na.,SO,|, 711,0) in 11)0 parts water, A .solution of .sodium cldor- 
idc and .sulphate may also be used, for the purpose of preventing reliydration or 
resolution of the product while under treatment. Solutions containing 5% by 
weight of anhydrous Natl or NajSO, may bo ustxl for the |)urposc. 
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It is then treated in a press or centrifugal machine to remove excess 
of solution and finally reconverted into viscose of a purified condition by 
treatment in a suitable vessel with sufficient strong caustic soda solu¬ 
tion to redissolve the cellulose derivative. 

The sodium bicarbonate solution iised in the treatment may be 
accompanied or succeeded by a solution of sodium sulphite of 5% 
strength to facilitate the removal of the by-products. 

It is advantageous in further washing the precipitated hydrate 
to use a solution containing about 5% of a neutral salt, such as .sodium 
sulphate or sodium chloride, by which washing the sodium bicarlxmatc 
used as precipitant may be eliminated, the neutral salt being used in 
order to prevent the product from redissolving duvii.j, the washiTig 
treatment. 

Cross, Bevan and Beadle' have observed that the all. li-cellulose- 
xanthate resists the action of acetic acid, while the ne hydrate 
and the alkaline salts pre,scnt in the solution oi the vi.scosi r(' at once 
converted into acetates by this treatment. Jn die case 'f i: e dkaliiie 
carbonates, sulphocarbonates, etc., the weak acids comb. i. d v ilh tlu' 
alkali are liberated, and pass off in the form ol gas or vii|)or l‘’|■om 
this observation was evolved a process of purificat.inii based on the 
treatment of the viscose vith acetic or other acid'' of weak lufiuity 
(formic or lactic), in excess without decomposing the cellulose ((im¬ 
pound. If the action of the acid is accoiniianicd by that of a neutral 
dehydrating agent, such as brine or alcohol, the cellulose compound 
is precipitated as an alkidine salt of a non-gelatinous consistence, 
so that it readily parts with the mother liijuors by j«;cssure or cen¬ 
trifugal dehydration. The precipitate after being washed to remove 
saline by-products (acetates) may then be redissolved in water.to a 
colorless solution of purified xanthatc.^ Tlie Vei'cin. Kunstseidefabr. 
A.-(!.-^ produce viscose solutions, free from sulphides and suitable for 
the manufacture of brilliant threads or films by direct coagulation in 
Huncral acids. They are prejiared by treating the fresh, crude viscose 
in a highly dilute form (1% of cellulose) first with sufficient 0.1% 
suljihuric acid to neutralize the free sodium hydroxide present, and 
then with a quantity of aluminum sulphate, or e(iuivalcnt salt of 

1. U.S.P.7173.'i5,1002; E.P. 3.702,1001. See “Chemical Treatment of Viscose,” 
ticllulose Products t’o., Han. P. 70638, 1002, and “Purification of Viscose,” 1). 
Spruance, Can. P. S5022, 1U04. 

2. If tlio acidification lie carried out in a closed vessel, volatile sulphur com¬ 
pounds may lie recovered. The brine from which the compound has liccn precipi¬ 
tated contains alkaline acetates, which may 1x5 decomposed by IfCl, and the 
acetic acid recovered by distillation. 

3. F.P. 389284, 1908. For producing hydrated cellulose from viscose, for use 
in the production of films, explosives, etc., sec A. Pcilcrin, F.P. 410776, 1009. 



VISCOSE AND THE CELLULOSE XANTHATES 


1069 


aluminum or chromium, sufficient to decompose the sulphides of the 
viscose. After standing for'some time at the ordinary temperature, 
or afti'r three to six hours at 40°, the cellulose compound separates 
in a hydrated form and is drained off and pressed. This compound is 
insoluble in water, but readily soluble in dilute sodium hydroxide; 
the solutions are suitable for spinning threads or films, which when 
coagulated in baths containing mineral acids, yield products distin¬ 
guished by special physical qualities. A. Fielding * purifies by the 
use of sodium, calcium or aluminum bisulphite. E. Thoma.s, J. Bonavita 
and M. Olivier * have shown that the use of sulphurous acid and acid 
salts tender the viscose considerably, and render it practically worthles.s 
for certain purposes. They recommend the use of neutral sodium 
sulphite and zinc oxide, which removes both the yellow color and 
disagreeable odor, while materially increasing the durability of the 
product. 

Or the crude cellulo.se xanthate may be completely coagulated 
by heating to 45-50°, a process which requires but a few hours and 
treating with salt solution to remove impurities without rendering 
the viscose insoluble in caustic soda; the viscose is finally dissolved 
in an alkali solution.'^ By another method^ the higher cellulose 
xanthates arc separated from the ripened and impure viscose solutions 
by means of carbon dioxide gas, the light-colored green jelly of purified 
viscose being washed until free from by-products, when it is finally 
dissolved in dihite alkali and is then ready for use. The inconvenience 
arising from using acpicous solutions of viscose in the unpurified state, 
due to the precipitation of sulphurized by-products which cause the 
visco.s(! to become turbid in color and of a yellowish tint, may be over¬ 
come^ by dissolving an amount of crude vis<'ose equivalent to 100 parts 
original (■('llulose in about 1,.S00 parts of potassium hydroxide solution 
of 1.20 sp.gr. (or in general 3-1 times the weight of caustic pot.xsh to 
cellulose used) and heating the mixture to 60-80° until a little of the 


1 usr 70S7fi0 1002; E.r. 201107, loot; U.S.P. 70S7f)0, 70S7(il, 1002. 
i. lj’.s’.p. 717:i.5.'l, 1002; ll.R.P. 1;B144, 1001; K.P. :1,502, 1001; F.P. ;i(Hto4,S, 
lOOl' See W. (iarrlner, Text. Mfr., IHOO, 2.">. 1.5:1; Miist.-Ztn., ISOS, 4.5, .507; 

A. liantrock, I’rom., 1S07, H. S7S; Zeit. ang. ('hem., ISOS, 11, 9S1. . 

;i. I’roce.ss of Soc. France de la Viscose, F.P. :!;il();iS, 100.1. In f.P. .1.14.51.5, 
100;i, tiii.sfirm <lcscril)es .a priwess for romoviiif; soluble sulphides from crude viscose 
by passing it through a solution of a B.alt of a metal which fornus an insoluble .sulphide, 
cig., a 10<y„ solution of ferrous sulphate. 

4. (’ontincntal Viscose Co., Breslau, ll.R.P. 20'.1161, 190;i; Belg. P. 17:1643, 
100;i; Lux. P. .5.329, 1003; 8wcd. P. 19295, 1904; Hung. P. Nov. 12, 1003; Span. 

,5 Method of Vercinigle Kunstscidefahriken .\kt.-Ges., U.S.P. 724020, 1903; 
E P 17.502 17503, 1002; Belg. P. 164007, 16400,S, 1902; D.R.P. 125:100, 120426, 
llioti; 155745 , 1902 ; F.P. 323473, 323474, 323475, 1902; 317004, 1901; 389284, 
1908.’ 



1070 


NITROCELLULOSE INDUSTRY 


solution on a glass plate yields immediately a colorless, clear, finn 
film when dipped in concentrated aqueous ammonium ctiloride. 

The apparatus for purifying viscose shown in I'ig. 312 consists 
of a metal hemispherical basin 1 having a' vertical shaft 3, formed in 
two portions connected by a sleeve 16, driven by worm and pinion 
geaiing 4, 5, and provided with agitating arms, 7. S, 0, set at angles 
of 120° to each other and provided at their cxlrianities with sb^cl 
scrapers fitting the basin. By this arrangement, the n];;-!s i.s crushed, 
disintegrated, mixed intimately without l>ecommg superheated, and 
reduced to a fine granular powder. When aViout to coagulati', a cold 
saturated solution of common salt is added to disintegrate the in.iss. 

The bfisiii is healed by means of a water- 
bath, which is itself ht'ated by a coiled 
steam-pipe 10, the leiiiperatiire of which 
is maintained tmil'oiiu l)y an agilaloi 
11. A thermonu ter is inserted in mc 
bath. An automatic regulato" 12 .sluus 
off the stipply of steam when f'c ;iia.\l- 
mum tempenitore i.s naiclu'd (n an niter 
niethod the alktdine cellulose .> aiilhiiK' 
is separated from the inqmrities by firs! 
hciding the solulitm one to two houis 
at 50° with tontinnai stirring, alter 
which it is tretited with double its weiglit 
of saturated tu'iueous soiliuin carbomite. 
The prcci[)itatc formed is sopiiraled, 
washed with soilium bicarbomite and 
sodium, sulphate solution. ,\ftcr cen¬ 
trifuging, the ma.ss is di.s.soKaal in strong 
alkali solution, and becomes purified viscose. In order to jU'eveiit 
the absorption of water and resolution during fhis treatment, 
ammonium chloride and sodium suljfiiate is added to the solution. 

M. Waddell’s Method of Viscose Formation s(;oks to inoduee 
a cellulo.se which is of tinifonn character, free from any dissolved 
fiber particles and to (amtrol the (uirbon bisuli)hido vapors liberated 
during the process of manufacture and prevent their escape into the 
atmosphere. In addition to the high inflammabilify of these vapors, 
their inhalation is decidedly prejudicial to health. Waddell in com- 

1. Soc. France <Ie la Viscose, E.P. 2.'t.')7, I!I04. 

2. Viscose Syndicate Ltd. and (!. (lro.ss, E.P. 210.10, 1003; D.U.P. 133M4, 
1001; F.P.3(K)54S, 1001; Russ, P. Mar. 10, 1001; (t. Dross and D. Spruaiicc, U.S.l'. 
763266, 1004. 

3. U.S.P. 855213, 1907. 
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ition with others, has found that during the time when the alkali cel¬ 
lulose is being treated with bisulphide and afterward, the mass is 
particularly susceptible to the action of air, the latter causing rever¬ 
sion to the insoluble cellulose, i.e., the first-formed portions of cellulose 
xanthate are likely to be partially or wholly reverted, while the remain¬ 
der of the cellulose is being converted into xanthate. 

In order to avoid these objectionable features, the alkali cellulose 
is submerged in bisulphide in a vessel hermetically sealed until the 
treatment is completed. As much as possible of bisulphide is drained 
off, the remaining cellulose xanthate being covered with an aqueous 
solution of sodium hydroxide, in proportion and strength to render 
the xanthate of the required coii.sistency for filament formation. The 
excess of bisulphide is removed by means of a vacuum, the vapors 
being condensed rather than allowed to issue into the atmosphere. 
The advantages claimed for this method are the proiluction of a uni¬ 
form viscose bei’ause the xanthate is at all times excluded from the 
atmos])herc, the process permitting control of the noxious carbon 
bisulphide vapora liberated from the mass under treatment. By entirely 
suri’ounding the alkali ticllulose with liquid it is claimed that the 
tendency of the xanthate to form into dense mas.ses, jn'oventing the 
coiu])letc treatment of the ii'terior \mtil after the exterior has boon 
overtreated is avoided, tlu; idkali preventing agglomeration of the 
xanthate. 

The invention of (1. Leclaire ’ relates to an arrangement by which 
all the operations in connection with the manufacture of viscose arc 
carried out in a single vessel. For this pui'posc the pulp, or paper, 
s('rviug as the raw mateiial, is first toni into small fi'agments of the 
size of sawdust. This is chargetl into the machine, which consists 
of a large splu'rical or elliptical vessel mounted on a hollow trunnion 
and geared so as to receive both a rotary and (iscillating motion. 
The ves,sel contains balls to jirevcnt. tlu' material from clogging together 
in a solid mass. It is provided with connections communicating 
with sources of gaseous pressure and vacuum, also with orifices for the 
introduction of reagents or water in the form of a sprtiy, and is sur¬ 
rounded by a jacket for the cin ulation of a heating or cooling meditun. 

In the ])rocess of H. Seidel,- 100 parts of sulphite cellulose are 
first treate(l with I % hydrochloric acid for siweral hours, washed, and 
intimately mixed wif.h 40 parts of caustic soda dissolved in 100 parts 
of water. I’hc ma.ss is left in a closed vessel for three days for the 


1. F.P. 402801, I'.tOS; First .tddilion thereto dated Sept. 7, 11)08; al)st. .I.S.C.I., 

190!),' 28, 1270. , 

2. Milleilaiigen des K. K. Technologisclicu (icwcihe-Muscuma la Wien, 1!)00, 

It), H.l. 
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alkali to thoroufilily pormoato, after which 100 parts of carbon bisul¬ 
phide is gradually introduced with stirring, and the mixture allowed 
to “ age ” for twelve hours. From the yellow solution foi'ined the 
viscose is precipitated out by alcohol or saturated common salt solu¬ 
tion. Viscose prepared in this manner fr(>m sulphite cellulose is 
said to dissolve less readily, but has the advantage of being lighter 
in color, and is claimed to be cs]X!cially adapted t.o sizing papers.' 

Filtration of Viscose Solutions. Irrespective of the care exer- 
cLscxl in manufacture, there is always presemt undissolved ])articlea of 
cellulose ordy jcartially or imperfectly acted upon, and visco.se partially 
decomposed into viscoid, nil of which it is necessary to removes bc'fore 
attempting to force the viscose solution through the; minute oidfices 
in the formation of filaments. The methods of clarification liy sub¬ 
sidence described in Chapter IX, for cellulose nitrate solutions, ai'e 
too time-consuming. The method of G. Steam, cited elsewhere ^ luw 
been objected to on the ground that although the pores and 
interstices of the filter mav be smaller than the normal size 
of the insoluble particles which it is designed to retain, they may 
be contorted or compressed to such an extent as to cause a small 
proportion to pass through the filtering medium." It ha.s been 

1. In this connection sec Kaiiat, Papierfahr. M. A., 190-1, p. lia,*); J’apicr Z., 
18!)7, 2, 3390; Ferenezi, Z(3it,. ang. 1S09, 13, 11; Monl. Scion., 1S09, (3) 

41, 001; Must. Z., 1S9S, 48, 39. 

•2. E.P. 10004, 1903. 

3. The insf)lul»lft suspensions in viswosc are often so nearly the density and 
refnictive index of the solution itself, that it j.s practically impossihle to jiidsc 
by visual examination alone of tlu* fitness of such a solution as regards suita¬ 
bility for thread formation. And it is evident that a solution improperly filtered 
is^liolly unsuitable for the formation of filaments, for upon forc’inji such a solution 
Ihrovigli the spiimcrcts of a spinning apparatus, the in.solublo, gelatinous yiartieles 
either clog the minute orifices, or if projwted through, docrea.se materially tlw tensile 
strength of the viscoid formed. And in such instanc<\s. increase of prfhssun^ as 
an aid in forcing the solid particles through the spinnerets d(K.*s not nimedy the 
difficulty. In the pumping, regulating and filtering apparatus of (•. Topham 
5769, lilO.'); D.R.P. 125947, 19(K); Helg. l\ 157100, 1901; 138507, l‘H)l; F.P. 
309541, 1901; 0. Steam and V. Topham, Belg. P. 174191, IfKKJ; K.P. l'»m) 

a support, in connected with the main viscose supply, an<I provided with pivot 
joints maintaining in position the filter, the pump and the nozzle arm all Ixniig 
clamped together and bored internally so tliut there is a direct passage from the 
visco.so maiti to the sipiirting nozzle. The filter consists of two plates clamped 
togctiier and provided upon tlieir internal faces with tiu; projections l)etween wliicli 
the filtering medium is firmly lield, passages Ix'iiigprovided for the yLscose to pa.ss 
between the projections. On the discharge side of the filter the .supporting plaU; 
has a hole covered with an elastic diaphragm, wliich is distended by ih(i pressun* 
of the filterefl viscose when the filter is working freely, but w'hich coUunses when 
the filter fails to puss more viscose than the pump is drawing away. Tne filtered 
viscose is (trawn away by a plunger pump constructesl without an inlet valve, a 
recess being provided beneath the plunger in which the viscose is trapped by the 
plunger. At the bottom of the nxjcss is the dclivc'ry valve, ch>sed by a .spring, 
which re<piiros a higher pressure to open it than thepros.sure of the viscose entering 
the pump. The difference in pressure is overcome by the work of the plunger on 
the column of viscose above the valve. The delivery valve either can be wholly 
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claimed * that by comprcssinff the filtcrinj^ material so that the pores or 
interstices between fibers arc made somewhat smaller, and the fibers 
more finnly and definitely located within the body of the filterin': 
material, which is done by subjectin'; the filtering material to external 
pressure, the gelatinous particles are prevented from moving or dislo¬ 
cating the fibers, as is the case when it is not under external pressure, 
greater than that sufficient to force the viscose itself through the filter, 
hhirthcnnorc, if the material of the filter is not subjected to auxiliary 
or external pressme greater than that to wtiich the viscose itself is sub¬ 
jected, the fibers of the cotton or glass wool will, iri a measure, have a 
tendency to float in the viscose, and thus he not firmly located so as to 
interrupt the pa.ssagc of ttie gelatinous particles. According to the claim 
of the inventors, the extermd pressure fixes the spaces or pores between 
the fibers of the filter material so that they arc not pushed aside to allow 
the passage of the impurities, the spaces between the libers are main¬ 
tained in much more constant and fixed diameter than before, the 
port's also ficing considerably more reduced in diameter than when 
not subjected to external pressure, 

In the apparatus as showm in I'ig. 313, 1 is a plan view of one 
form of a suitable filter, and 2 a transverse sectional view. 

Keferring to the drawings, the numeral 1 indicates the uiipcr plate 
or casing of the filter, and the numeral 2 the lower jilate. These jilates 
arc provided on their inner faces with shallow circular recesses, as 
indicated at 3 and I, which communicate with inlet and outlet pipes 
5 ami (i respectively, placed preferably at the center of the plates. 
y\djacent the surface of the recess 3, is placed a piece of wire gauze, 
or other suitable still woven material, 7, having a series of mcsW:s, 
and also on the surface of the recess 4, a similar piece of wire gauze 

cinovcd for clcaninc or can be looscneii to s\ich an extent that a rush of viscose 
sweeps any accunuilated dirt through a passage to the otitsidc, opened by the ofstr- 
ation ol looseidng the valve. After pas,sing th(' delivery valve the vi,scose is dcliverc<l 
to the nozzle arm, an air chamber in the form of a bottle being elamped against 
an opening in the side of the delbery tube to ea,se the flow. It is customary to 
provide for the transmission of the filtered viscose .solution directly to the storage 
tanks, care being taken that the solution is exposed to the atmosphere as little 
as possible. 

1. (I, Ernst and (1. Hamlin, U.S.P. .sllltlOl, lOtW. In another method, iiorous 
plates of cellulose are made use of as the filtering material. These plates are placed 
upon a perforated metal plate to give rigidity during the subseipient application 
of pressure. The plate.s form one end of a cylinder, iido which the vi.scose solution 
is introduced, pressure applied, and gradiially increased as the cellulose filter plate 
i)ecomes clogged. The pifssure is u.sually so adjusted that a constant definite 
flow of fdtered viscose is obtained, When the filter has become so clogged that 
the viscose refuso.s to pass through upon application of the maximum pressure, 
the vi,sco.sc in the cylinder is replaced by water which partially clarifies t,he fdter, 
so that it may be used again. The filtrate, containing a small amouid, of viscose, 
may be used in the place of pure water for the preparation of fresh amounts of 
» xantlmte. 
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is indicated at S. Upon the wire gauze S, is placed a i)iece of cloth 
9, sufficiently meshed to prevent the filtering mattTial from passing 
through, and for allowing the viscose to easily pass. IIetwe<',n this 
cloth 9 and the ujipcr gauze 7, is placed the filtering material, con¬ 
sisting of any suitable substance, such as cotton or glass wool. This 
filtering malerial 10 is placed within the rnces.scs, and extends out¬ 
wardly between the flanges formed by the recesses, as indicated at 11. 





Fig. 313.—Tlic Ernst iinJ Hiimlin Viscose Filter. 

This filtering material, before being compressed, is placed in position 
to a depth or thickness of aiiproximately thi'ee inches, and pnwsure 
is then put upon the same, so that the filtering niatei'ial will be under 
a pressure greater than that to which the viscose is subjected, the 
pressure being somewhat varied according to the circuinstaiices and 
condition of the viscose. As means for producing this ])ressure there 
are provided clamping devices, indicated as bolts 12, ])assing through 
the flanges formed by the recesses 'i and I. When the filtering material 
is clamped between the flanges, as widl as bidween the recesses in the 
plates, considerably more pre.isure Ls brought upon the filtering material. 
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thereby forming a packing which prevents the viscose from passing 
laterally out of the filter. The jjlates of gauze 7 and 8 provide spaces 
by which the viscose may pass over the entire upper surface of the 
filtering material and may be withdrawn from the entire lower sur¬ 
face, thus causing the filter to act uniformly and evenly throughout 
its entire body. 

Removal of Air from Viscose Solutions, Where the- viscose 
i.s intended for the manufacture of articles of small mass such as fila- 



Fki. ai4.—^Tlic Naudin Apparatiifs (or Exlnicling Air und (iarlmn Bisulphide from 
Viscose SoUitions. 

ments and films, ('specially the foniu'r, the solution should be free 
from all air bubbles, and al! free carbon bisul()hide contained in .solu¬ 
tion. In s])inniiig viscose into artificial filaments the thread breaks 
olT short at the thread-drawing device on the occurrence of bubble.s 
of air and often witli free carbon bisulphide in the viscosf! drawn 
from t.he fixing tank. The apparatus illustrated in I'ig. 314,' ha.s for 

1. L. Naudin, .Assignor to La Soc. Fran, do la Viscose. U.S.P. 767421, 1004; 
E.P. 23.57, I'.tlM; 17152, 1!)U,5; Belu. P, 173572, 11103; D.R.P. 160214, 163661, 
1004; r.P. 340.563, 3406110, 1004 ; 3510,SO, 1005; Anst. P. 10037, 10041, 1004; 
Swiss. P. 3070S, 1004; Span. P. 3351!, 1004; flung. P. March 22, 1004. 
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its object the extraction of air and bisulphide vapor from the solution, 
1 showing the apparatus in section, 2 being a section of 1 through the 
line A A; 3 shows a detail. In the interior of the viscoso-i'cceiver 1, 
which is designed for the treatment of the visco.so, there is adapted 
to rotate a conical part 3, composed of polished steel, for inatan(«, 
keyed on a shaft 4, that is, actuated from outside the viscose receiver 
by means of suitable meclianisni, such as a pulley 5, worm (i, ami gear 
or worm wheel 7. The upper ])art of the viscose receiver is fitted with 
two piix!S S,!), of which one, 3, communicates with a supply of viscose, 
and the other, 9, communicates with a vacuum j)ump. After a prac¬ 
tical vacuum has been formed in the viscose receiver the stop-coedr 
of the pipe 8, communicating with the supply of viscose, is opened and 
the conical part 3 in the viscose receiver caused to rotate at the rate of 
about six revolutions per minute. 

The viscose which enters through the supply pipe 8 spreads out. 
in a very thin layer over the rotating c.onicat part and by the iiction 
of centrifugal force and of gravity travels to the lower part of the 
rotating conical part. Tn its travel the viscose is scpieezed against, 
the conical part 3 by suitable blades or stirrers 11, and it then Hows 
or balls into a receiving ch.annel 10. The rat.e of supply of the viscose 
to the receiver should be such that, the whole of the viscose' :irri'. iiig 
in the receiving channel 10 shall have be('n c(mip!Melv fi'cctl from 
air and c.arbon bisulphide. A set-screw 12 is jirovided to enable 
more or le.ss .stiffness to be imparted to ihe silrring-blmles from Ihe 
outside. 

An observation-hole 13 is provided in the .shell of t.he viscose 
receiver to en.able the working of the apparatus to be controlled or 
regulated. The visco.se flow's from the receiving chuniiel 19 through 
a dischai’ge pipe 11 into a v.ac\uim vessel (•oumuuucating with the' 
receiver. 

Tliis apparatus can lx; cleaned without being taken to ])i('ces by 
simply introducing water under pressure thi'ough the supply- pi])e 8 
into the receiver while the movable conical part is being ciutsed f.o 
rotate rapidly. The wa.shing-water is then expelled, preferably by 
means of comprcs.sed air. 

Properties of Viscose Solutions. The decomposition of a 
visco.se Solution is first recognizable by .an increase in viscosity of the 
mass upon standing. In the preliminar)' gclatinization stages the 
mass may be restored to its original fluidity by dilution with cold water 
and stirring, although when the decomposition becomes more pro¬ 
nounced, attenuation with water gives a granular and not soluble 
mass. As decomposition progresses the viscosity and iasolubility 
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increases until the mass has entirety JeJMed. . 

and othni- volatile sulphur products continually escap6, tuc uUS^ 
result bein g a hard mass of cellulose. As Cross and Sevan have pointed 
out,* the character and properties of a viscose solution are dependent 
on the following factois: 

“(1) The particular cellulose employed; (2) previous preparations; 
(3) tlie concentration and temperature of the alkaline hydrate (solu¬ 
tion) employed in preparing the alkali-cellulose; (4) the uniformity 
or otherwise of the alkali-cellulose in respect of the ratio of cellulose 
t.o alkali and to water; (.'>) the period elapsing between the production 
of the alkali cellulose and its exposure to carbon bisulphide; (6) the 
initial and maximum temperature of the mass during the reaction; 
(7) the duration of the exposure to the bisulphide; (8) the mode of 
treating with water for effei.ting the solution of the product.” 

Tf, as for instance, in using viscose for sizing, it is desired to induce 
more than normal decomposition at the ordinary temperature, this 
may be done by replacing the soda by ammonia, ammonium viscose 
being less stable than Soda vist^ose. The decomposition takes place 
at a much lower temperature with copious evolution of carbon bisul¬ 
phide and ammonia. 

L. Vignon ^ has made optical determinations of viscose solutions, 
froin wliich it a^ears that the cellulose thiocarbonates are probably 
feebly deXtro-rotatoiy. 

Storing Alkali-Cellulose and Viscose. Both alkali-cellulose 
and visco.se being products of but slight constancy and ready deconi- 
jiosabilit.y. es])ccial ])recautionary nieasuves have to bo adopted to 
))r('sc,rve tlu' comiiounds until they can be used. The decomposi¬ 
tion t)f both appear to be more rapid with increase in temperature, 
therefore refiigcration during stt)rage is the best procedure to insure 
th( minijiium of change. Soda-cellulose which has undergone change 
by long storing cannot, produce a very thickly fluid viscose. In addi¬ 
tion to low temi)erature.s, viscose niu.st be protected from contact 
with the atmosphere. A temperature as near 0° ns possible, air })eing 
entiiely excluded from the storage containers results in a minimum 
deterioration. In warm weather viscose should he shipped oidy in 
i'efrig(!ratt>r cars, and othcrwi.se treated in handling iis with beef and 
otluu' ])ei'ishable products. 

Artificial Filaments from Viscose. Much of the information 
seated in Chapter XIII, in regard to ‘‘I’auly silk,” is applicable to 
“ viscose silk,” both being cellulose and the final product practically 


1. “Researches nn Cellulose II,” p. 98. 

2. Bull. Soc. Chipi., 1904, 31, 105. 
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the same. Viscose threads are distinguisiied by their great luster and 
fineness, in the latter respect being equal to the fiiu'st quality of natural 
silk. A comparison of the physical characteristics of artificial fila¬ 
ments made from viscose and nitrocellulose with natural silk is given 
elsewhere. As regards cost, vi.scose filaments a'c much the cheaper 
of the artificial threads of commerce, and are no more inflammable 
than ordinary cotton. 

The general representative method of forming threads from viscose 
consists in squirting the properly clarified solution through orifices 
of predetermined diameter, into a setting solution which prevents 
the threads from Sticking together, after which they are further con¬ 
gealed, changed into viscoid bv reverting agents, bleaclied and woven 
into fabric form. The .several apparently meritorious refineineiils 
of this general process which h. ve been introduced fiom time to time 
are noted below. • ' 

In the manvifacture of threads and filimeuis from viscose it as 
advamageous to spin the thread directly onto .sjiools and t(, treat liu' 
thread in all the further stages of reverting, was! ing and dp ni'' wliile 
it remains on the spool. In order to obtain the rlcsirci! luster i* i.s 
necessary, as in the commercial jjrocessc's of mercerizing .'ellulosc', 
to drv the filaments under tension, tins being very ^nportaiil in the 
drawing stage of the process. In the method of ft Jvuist,' which 
relates mainly to the method of subjecting the threads iu ihe drawing 
stage of the jirocess at a certain jiortion of tlieir length between the spool 
and the perforated cap to an unevenly distrilnited tension while the 
threads are still in a semijdastie condition, t.his im])art.s griaitcr ami 
more uniform strength and a higher luster.- The method is shown 
in detail in Fig. 31.5, in which 1, represents a longitudinal section 
•of the apparatus, 2 ;i cross-section taken on the line 2, 2 of 1, and 3 
and 4, details of construction. The tank of the setting-bath is indicat.ed 
by 1, in which is kept the ammonium suli)hate, sodium bisulphite 
nr similar sohition. The viscose .solution is forc(‘d under pressure 
through, tubes, one of which is represented lyy 2, being ejected into 
the setting-bath through the head 3. .Suflicumt material i.s ejected 
through the head to allow of the ends being scamred to one of a series 

1. U.S.P. S0SH8, lOO.'i. Sco also Ernst, TI.S.P. 708027, 100.^; and Lchnn’.s 
Karl). Ztg., 1001, 12, 211; E. Kirdinor, ('lioni. Ztg., 1808, 22, 710; R. Locwcntlial, 
Il)id., 1804, IS, 8.58; 1805, 19, .524; 1800, 2», 742; 1002, 2I>, 7.52. 

2. In previous nictho<is it, wa.s difficult to exert upon the filaments I,ho desired 
amount of tension, as the greatest strain is upon that portion of tlic tliread where 
it i.s most plastic, whicli is of course tlic poiiit where the plastic material first enters 
(ho setting-ljath from the perforated cap, or the point where the threads first enter 
tlie setting-bath. Therefore a limited amount of tension only can he exerted. 
This is sufficient, however, to prixince practical results. 
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of spools 7, sfter passing between the rods 4 and 5, the spool then being 
given a rotary motion in the direction of the arrow, thus drawing 
the filaments through the setting-bath at a given speed and hence a 
predetermined tension. The maximum tension upon the filamentous 
material is possible by the rods 4 and 5, and upon that portion of the 
threads which extends between the spool 7 and rod 5, which portion 
having passed through the setting-bath, is more solid and substantial 



Fig. Method of Forming Viscose Filaments According to Ernst. 


throughout. I.<‘ss tcu.sioii is oxcrt.ed upon that portion of the 
threads which extends between the rods 4 and 5, and the least 
tension upon the softer and more plastic portion botw'een the 
rod 4 and issuing orifice 3.' 8 represents a vibrating thread guide 

1. The weakest and most ductile portion is of course that portion of the threads 
as it emerges in the semiplastic condition from the [iprtorated cap '-rfore it 
has been in the setting-bath any length of time. If the same tens® should be 
exerted upon this fMirtion of tlic threads as may be exerted upon the portion between 
the spool 7 and the rod .'i. it would either break off the threads or draw them entirely 
too linely and either weaken or destroy the filament. After the thread has passetl 
the rod 5 on its passage to the spool 7 while it is substantially still very ductile, the 
amount of tension which is capable of lieing exerted upon the thread at this stage 
without drawing the thread or filament is much greater tliaii that which may bo 
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by means of which the strands are laid in laj'Cis or coiirsos on the 
spool.* 

A twist may be given to the thread either during the process oi 
spinning or in a separate operation afterward. With vi8(!ose silk^ 
it has been proposed to revolve the s])itmeret, so that twist would be 
imparted during coagulation, but in general the coagulated thread 
is carried over a roller fiom which it falls into a rapidly rotating box. 
The degree of twist is dependent upon the relative speeds of the roller 
and the box. These methods are not applicable, however, in the 
case of the cuprainmoTiiuin and the nitrocellulose products, as the 
fillers obtained do not appear to coagulate suffiiaently rapidly to 
stand the mechanical strain. The twisting of the thread in a si'parate 
operation has the advantage that the degree of twist can bo mori' 
accurately controlled. The silk after coagulation is wound lire th 
upon bobbins of small diameter: these are fixed in a \rinding maclnne 
and are rapidly revolved while the thread Is reeled off into Imnks. 

In another method^ the viscose solution is fed under ])ressure 
through a regulating valve into the filtration chamber cotitained iii 
the bracket supporting the twisting and spinning element. This 
latter consists of a veitical tube, rotated by a flexible connection at 
the top end, and supported on two sets of ball betirings ctirried by tlu' 
tubular bracket, The viscose flowing from the filtration chamber 
enters the rotating tube about the middle, and descends to the siiinuing 

exerted at the primary stage, and therefore the threads or filaments at this portion 
may lie sulijected to a much greater tension, adding greater luster to the thread 
us well as imparting to it greater .strength. 

While the urawing.s only represent one set of tulics .and perforated ea[)s. filaments 
and spools, a series are preferably arranged of similar charactet .side liy side at 
proper intervals apart throughout the width of the tank, a.s indicated in 2. 

1. The amount of friction on the rods 4 and 5 and the tension on the threads 
may be varied by changing the relative position of the roils. .4s shown in H, the 
rods may be so placed that the .strands wrap around a considerable portion of the 
periphery of each rod. Such an arrangement is de.sirable where it is preferred to 
put a considerable amount of stretcli into the thread. In the form shown in 1 the 
reals are closer together, and the threads contact with a less portion of the periiihery 
of the rods, producing less friction. In the form sliown in 3 the thrcails are sub¬ 
jected to a considerably longer period of immersion in the liatli, and in this case 
both of the roits are submerged. 

In the detailed drawing shown in 4 the upper rod 5 is mounted at one end of 
the movable support 9, while the other rod 4 is mounteil in the fixed support ti. 
The support 9 is adjustable by means of the slot 19 and thumli-scrcw 11. lly this 
meaiKS tne rods 4 and 5 can lie readily and accurately adiii.sted relatively to each 
other to produce the proper tension for any character of thread. 

2. Process of Furst Guido Donnersmarck Kunstseiden and .4cetatwerke, F.P. 
.398424, 1909. D.R.P. 152743, 1903; 1.53,817, 1904; Aust. P., Jan. 1, 1.899; Mux 
Muller (U.S.P. 836452, 1907) prefers sulphuric acid and sodium hisiilpliate as the 
coagulating medium tor visco.se. Sec also A. Bardy, F.P. 313404, 314554, 1901; 
American Viscose Co., Can. P. 66000, 1900. 

3. Method of Soc. Eranc. de la Viscose, F.P. 345274, 1904; see also E.P. 20390, 
1901; 19L57, 19168, 1908; F.P. 406344, 1909; ahst. J.S.C.I., 1909, 28, 1880. E.P. 
17152, 1904; F.P,. 345274, 1904; abst. J.S.C.I., 1904, 23, 1212. 
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jet. Riirlit- and left-handed helices are provided on the. outside (rf 
the rotating hollow spindle, above and below the point where the 
viscose enters, to prevent any substance, either lubricant or viscose, 
setting between the spindle and its support. The threads are formed- 
and twisted as they leave the rotating orifices of the jet; the latter 
is surrounded by a funnel-shaped appendage, which imparts a whirling 
motion to the coagulating liquid. 

M. Waddell has devised a meritorious but somew'hat elaborate 
method of forming viscose filaments' shown in detail in Figs. 316-320, 
which has for one of its objects arrangements whereby the filaments 
are at all times within reach of the operator and accessible. The 
process also admits of a thorough treatment of the filaments as they 



Fig. 31f>.—The Waddell Apparatu.s for Forming Metamorphosed CV'llulo.se Filaments. 

traverse the fixing bath into which the xanthate is ejected, and also 
as they are wound by maintaining circulation of the fixing .solution 
in the tank, the filaments being caused to traverse the bath in a 
direction oppo.site to the flow of the fixing solution. The operation 
of the machine is a.s follows; Motion being communicated to the 
winding rings 12 and to the traverse rod 13 and the comliined filtering 

1. U.S.P. 840879, 1907; bcc M. Lcidcsdorf, Textil Farb. Ztg.. 1907, p. 587, 
for discussion of history, manufacture and uses of “luster-cellulose.” .Mso Silvern 
und Mach, Lehnes Fiirb. Z., 1903, 14, .54; 1900, 17, 1097; K. Siivem, Ibid., 1899, 10, 
169, 189, 2aS, 340; Chem. Zeit., 1901-1902, 1, 18.5, 412; 1902-1903, 2, 437, 539; 
1903-1904, 3, 75, 454, 807; 1905, 4, 539. F. Beltzer has observed that an aqueoiii 
solution of visco.se, prepared from cotton fibers, when exposed to the air slowly 
deposits minute filaments which interlace and form a delicate, reticulated web, 
and this has given rise to the thought in the mind of H. Rouii.set (Rev. gen. sci. 
pur. appl., 1910, 20,831) that it may become possible to prepare artificial silk 
fabrics directly, without first'making threads and weaving them, as suggested first 
by Riaumur, in 1734. 
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and spinning heads swung on their pivots into the position indicated 
in dotted lines in 3, the viscose Ls forced through the pipe 22 and 
bracket 24 to the filter 29 and thence through the tube 30' to the 

2 



I' Ki. 317.—^Tho Wiwldell Apparatus for Forming Metamorphosed Cellulose Filaments. 

spinneret 30. The viscose emerging from the S{)inneret 30 is alhtwed 
to drop into the tank 32 until it is flowing evenly through the S])lnner«“t, 
whereupon the filter is swung into the position shown in full lines in 

3 



Fig. 318. —The Waddell Apparatus for Forming Metamo-sphosed Cellulose Filaments. 

3, W'ith the spinneret 30 lieneath the surface of the liquid. The fila¬ 
ments are then conducted under the rod .IS to the winding rings 12 
through tlu; thread guides 38. The fixing liquid is caused to circulate 
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in plane of ferrous sulphate used for the same purpose, in a bath through 
whl(di the filaments are passed immediately after their formation.* 
The fimt of these methods is to be preferred. The threads obtained, 
it is stated, liesides being silky in appearance and to the touch, dye 
very regularly. F. lehner^ jiroduees an “artificial hemp” by 
cementing a number of artificial filaments by means of a dyed viscose 
solution, which is acted upon by a mineral acid to fix the binder and 
sei)arate the sulphur. 

H. ('havi'.ssieu ^ prod\ices artificial filaments from viscose and a 
])roteo-ccllulose product. A protein substance, as fibi'in, casein, silk 
(,:• wool waste, horn, hide or leather, is treated with alkalis, as 1Q% 



I'lU. 320.—^The Waildell Filament Forming Apparatus. 


NaOH solution and carbon bisidphide to form a viscous solution, 
a sohiti<in of cellulose xanthatc being then added and the .solution pi-e- 
cipitated by an ammonium salt, as sulphide, the, product thus obtained 
being decompo.sed by dilute sulphuric acid, the resulting product 

1 S(x-. Franc, do la Vi,sco.-ic, K.P. 23,'j?, 1004; S045, HKHl; F.P. 3(>]3in, Kior): 
Hung P. Mar. 22. 1004,■ F.P. IlSittM; abst. J.S.C.T., 1004, SS, 72.4; F.P. .323474, 
1002; 1003; .345343, 34,>373, 1004; Swiw P. 3(«22, 1004. 

2. U.S.P. S.42003, 1007. Sec P. Woltereck, K.P. 3S0H, 1808; in the proeewM 
of F. & I.ohncr {U.S.P. 724020, 1003J the viscose .solutions are injected ni thin 
streams into sulphuric acid and the resulting product wound and desulphurized. 

3 U S.P. 05043.5, 1010. See also W. Ma.ssot, Zeit. ang. (!hem,. Iil04, 17, 8.54; 
1005, 18, 1041, 1080. L. t'ollardon (l).U.P. 225134, 1001; U.S.P. 0.5;1310, 1010) 
combines viscose with cork, leather and wool waste, to form plastic ma.ssea capable 
of taking a high polish. J. Morison (K.P. 22371, 1007) preparc,s a composition for 
waterproofing fabrics, consisting of petroleum residue, pitch or bitumen (digested 
with volatile liquids) 1, and viscose 2, or 3. 
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treated with tiiiiniiig substances, as quinone or tannin, and finally 
to the action of condensing and dehydrating agents, as potassium 
bichromate and acetic anhydride with glacial acetic acid, to increase 
'its resistance and elasti(uty. 

The extreme viscosity of solutions of viscose makes the threads 
directly after leaving the filaments especially suitable for attenuation 
by di-awing, by which means very fine threads may be formed, and 
several times finer than the diameter of the issuing orifice. 

Viscose filaments when properly coagulated, bleached, soaped and 
finished, resemble in lu.ster the cellulose obtained from cuproamnioniacal 
solutions more than those filaments obtained from nitrocellulose. 
In luster, softness of feel, tensile strength and readiness of absorbing 
synthetic, dyestuffs, they compai'e favorably with artificial filaments 
prepared from other sources. They do not, however, compare with 
celhdo.se acetate filaments when welted, viscose filaments being seriously 
impaii'cd in strength when wetted, which strength, however, is regained 
upon drying of the filaments. Thu commendable points of viscose 
filaments as conqiared with those produced in other pro(!esses, arc 
cheiqmess, wood y)ulp being used as the source of cellulose; safety, 
the filumeuls being no more inflammable than raw cotton; with a 
luster compaj'ing favorably with that produced by the methods pre¬ 
viously described. /\s in other artificial filaments, the individual 
t’iscose thieads are too small to be worked by thenisclves. After 
twisting and reeling a number into one, the exact number depending 
on th(' fineness of the fabric to be made, they are finished as described 
in Chapter XIII. 

'Ihe method of .\. Dchd)ac ’ for preparing and treating viscose 
thi'i'ads, ])roduces a filament possessing a dye-absorbing power sriperior 
lo that obtained by other means, according to the inventor’s claims. 
The apparatus is shown in 1, 2, 15, 4, 5 in Figs. 321 and 322, in which 

1 is : diagi’ammalic view of the general arrangement of the apparatus, 

2 and 3 are side, and front elevations r(!spcclively, and 4 and 5 are 
front and s(!ctioual views of the drier. The viscose is contained in 
tlu' closed i-eservoir 1, the piiic 2 conveying it to the draw plates 4, 
which are imnier.sed in the coagidatiiig bath. The pipe 2 being open, 
the supply is regulated solely by the constancy of the pressure of the 
conqiresscd air. .\s soon as the thread has become coagulated in the 
bath .fi, it ])asses successividy into tla; baths 0, 7 and 8, bath 6 consist¬ 
ing of Ohf aqueous sulphuric acid at a temperature of 70°, bath 7 

1. F.r. 377424, 1!I06; TI.S.P. 923777, 1909; abKt. .I.S.tM., 1907, 2«, 1087; 
Sec also il. Hemicimttc and A. Mous»e\i, Belli. 1’. 180.48.1, 1904; 11. Kaiaer, Belg. 
P. 184078, 1905; A. Haller, Industrie Textile, 1904, 20, 09; L. Gillet, abst. Chem. 
Ztg., 1898, 22, 425; L. Gottstein, Ibid., 1904, 28, 925. 
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rontaining water at the rooni-tciiiperaturc, but in circulation; while 
bath 8 contains water, soap, oil and soda, intended to neutralize all 
remaining traces of acid and prevent the thread from adhering in the 
drier. 


3 S 




Em. —The Dchilmc N’iscom' Thread I’nKlucing .\piinratiis. 


On th(* inamifacturing scale it is advised to store the viscosi’ resej’voirs 
in the basement ■where the temperalur(' is more constant, b'rom ten 
to fifteen draw jilates ai'c furnished from each reservoir, it being thus 
possible to give the whole of the viscose pipes the same fomv and ajjprox- 
imatcly the same length, the object being to distribute a unifonn 



E’m. Z2 '>.—The Deluhac Viscose Tliread Producing Apparatus. 


pressure from each reservoir to all the draw plates which arc being 
supplied, that the fineness of the thread produced may vary within 
minimum limits. This is possible by making the pressure and fric¬ 
tional resistance ecjual. Moreover, it is possible to control in this 
way the temperature of the viscose solution up to the point where the 
pipes issue above the floor of the spinning room, which is an advantage 
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in spinning unifnm filaments. In its passage through the different 
coagulating baths, the thread is supported by power-driven rollers 9, 
the circumferential .speed of which is exactly equal to the speed of the 
thread, the rollers being fluted to facilitate the detachment of the 
thread from their surfaces. On leaving the bath 8, the thread passes 
over driers 10, similar to those used in paper-making. On finally 
leaving the driers the thread is wound on a bobbin 12, the twisting 
and skeining being aftenvard effected by the ordinary means. The 
twisting of the threads is done after the fixing process, it being claimed 
that this causes the elementaiy staples to retain a certain amount 
of elasticity, more, .so than fixed sjnrals in-oduced by twisting threads 
before the, fixing process. This has the result of requiring a less 
length of thread to weave a given area. By regulating the air pres¬ 
sure on the viscose storage tank, the standard of fineness desired to 
be spun is obtained automatically. 

Viscf),se filaments have many of the uses indi(^ated for the artificial 
filaments jireviously described, ami cspe(dally in mixed goods, where 
it cotnjjrises the woof, and hence the diminution in tensile strength 
due to wetting is modified by the presence of other textiles. The 
mixtui'e of a numbei' of textiles as in .\rmure, i)roduc(;s a fabric which 
is not .soi'iously damaged by water. \''iscose, is employed, usually, 
in the woof, in goods maiuifactured for the Orient, where brilliant 
coloi’ing is admired; for scarfs, skirts, mixed cottojis, and less so for 
upholstery. It has been also employed in taffetas and umbrellas 
when given a w'atcrjiroofing coating. 

Artificial Viscose Filaments According to Steam. The 
tendency of x’iscose solutions to pa.ss by jn’ogressive decouq)osition 
through various more or’ le.ss well-dclineti stngf's, has been ascertained 
by (b Stcaru ' to be of such definite character a.s to be commercially 
utilizable in the ])reparation of artificial filaments. In trrder to obtain 
vise.toe esireciidly adapted to jiroduce these results. Steam takes 100 
lb. cellulose (irrefi'rably in the foi'm of whitewood irulp), and I'ovcrs 
with an aqueous solution of sodium hydroxide, prcfei'ably of 17.7% 
sti’ength. The pulp is soaked in this solution for about tweirty-four 
hoirrs, aftrrr which the excess of alkaline solution is removed by pi’e.ssui-e 
until the moistened stock is found to w'eigh three times as much as the 
oi'iginal dry cellulose. 'I'lnr product is then stored in closed vessels 
for about forty-i'ight hours, to pei’init of thorough pei’ineatioir of 

1. 71t’.77S, l!t02; Helg. P. I(i944.t, ItrOS; E.P. 10’20, 1021, 1022, ISOS; 

7022, 1002; ll.Il.P. lOS.Ill, ISOS; P.P. 220752, 1002; Can. P. 62S21, ISOO; Lux. 
P. ,5225, 52.20, 1002; Aunt, P. 16112, lOOl; Sw. P. P.tl25, ISOO; Span. P. 21479, 
1002; Rcc also Sleani, Jour. Soc. Dyers, 1002, 10 , 220; C. Siivem, Ohera. Zeit., 
1902 1003, 2 , 540. 
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the cellulose by alkali. It is then placed in a closed vessel, 75 parts 
carbon bisulphide introduced in the usual manner, until the reaction 
is found to be completo, usually after five hours. It is then exposed 
to the air for a short time to pernut bisulphide vapors to escape. A 
caustic soda solution consistiii" of 300 lb. water and .54 lb. sodium 
hydi'oxide is then added, and the mass stirred until apparently per¬ 
fectly homoiteneous. The product of double sodium-r:cllulose-xauthate 
thus fornual is readily soluble in water without decomposition, lamstic 
.soda solutions or weak acids. The effect of time u)'ou the solution, 
is, aceording to Steam, to form successively a series of cellulo.se com¬ 
pounds, which may be expressed as t'iaHj 9 ^botif^ 2 ^''r, Ci 8 ll 2 ()()|.r,(lS 2 his, 
C24Ua9f42o('S2.Vn, etc., the total of coiiddned cellulose substantially 
IXM'sistinf:, while the proportions of the other ingredients in combina¬ 
tion i)ro}!;ressively diminishes. With such decomposition the solubility 
of the cellulose compound is modified. Thus in what Steam calls 
the, “ second” stafte the compound is soluble in water, caustic soda, 
and weak acids, but brine converts it into a f'rlatinous mass. In 
w'liat may be termed the “fourth” stafte, it is 

substantially insoluble in waiter and the acids above nameil, hut 
leniains soluble iii a eaitstic soda solution of proper st-i'cmrth. 11,\ 
the neutraliisatioii of this excess of cau.stic .soda the material can be 
readily precipitated in a gelatinous mass. This precipitating action 
need not be accompanied by the complete dissociation of the cellulose 
from its combination as the immediate result of the changed jiliysical 
condition, ns some of the xanthate may still remain in the nnuss. 

The inventor takes advantage of the situations just described to 
obtain the material in the most dc.siral)lo conditions foi,- the formation 
of filaments and their subseijuent completion as finished thread and 
proceeds as follows: The viscose maintained in solution in the ])rcsencc 
of an excess of caustic .soda is stored in clo.si'd ves.sels to permit its 
lirocressivo decomposition imder control.' The I'ate of decomposi¬ 
tion depends upon both time and temperature, it being generally true 
that with higher temperature a shorter time w'ill be required to attain 
any given stage; but as other and uiidesiratile residts nught follow 
from an exjiosure to an exce.ssively high tenqx'rature, it is expediiail 
to maintain what may be termed “ normal ” conditions at. a tempera¬ 
ture of, say, 1.5°, Under the.se cireumstances after about seven days 
of aging the decomposition will have progres.sed until the resulting 
compound has attained substantially the fourth stage above designated, 
(C 24 H )g 02 oUS 2 Ma) the vi,sense still remaining in di.s,solved focm in a 
solution containing an excess of caustic soda uncombined with the 
I'elluloso itself. Steam claims that in substantially this stage the 
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vLsoose is in the ii.nst dcsirabln ('onditioii tor the formation of filamente, 
since'it passes into a !;elatinons condition with great readiness by the 
use of a comparatively mild precipitating solution, which does not 
injuriously affect the tenacity or other characteristics of the lilament. 
The precipitation or gelatinization is effected by neutralizing the 
caustic soda solution which -lias enabled the viscose to be maintained 
in a dissolved condition. 

In the formation (vf filaments the vi.sco.se solution is projected in 
the usual manner through one or more orifices into the setting solu¬ 
tion and then subjected to such further mechanical treatment a.s is 
necessary to pi’oduce thread of the desired dimensions as described 
in (hapter XIIT. 

One peculiar advantage claimed of the preliminary treatment 
just described is that the precipitating action may be (juickly effected 
to the extent necessary for the formation of a filament without reipiir- 
ing the actual- decomjiosition of the xanthate itself, whereliy such 
decomposition and the consequent conversion of the material into 
its ultimate fonn may bo deferred until a later stage, if desired. It 
is expedient to dilute the spinning solution until the combined cellu¬ 
lose therein constitutes about O'},' of the total amount, the dilution 
being effected by adding a solution of caustic .soda- containing about 
of tbe alkali. After the filament has been formed in its gelatin¬ 
ized condition and united with others into a composite strand the 
decomposition of the viscose is effected, jireferably, by the action of 
heat, which may lie conveniently accomplished by exposure for about 
one hour to steam at. a tenijairature of about 100°. The thread may 
then be washed in water and dried under strain, if a luster is desired, 
or may be dyed or otherwise treated. 

Ill a subsequent patent.’ Steam and V'. tVoodley h.ave patented 
the use as setting or coagulating solutions of '.)% aqueous sulphuric 
acid, or 7% aqueous hydrochloric acid, or l0-2t)'j{, a(|ucou.s acetic acid 
or a solution of aluminum or chromium sulphate. The viscose niiiy be 
purified: (1) by treating with saturated brine or a solution of an 
ammonium compound, and-washing with dilute brine until free from 
alkaline by-products; or (2) by treatment with a weak acid, .such as 
acetic acid, followed if necessary by the addition of brine and washing. 

Viscelline and Licella Yarn. When viscose was first patented 
in 1S!)2, the main object which the invent-oi-s had in view, or at least 
one of them, was the coating of thread with the product. Thread so 
coated was later given the distinctive name of “ Viscelline yarn,” 
and intended a.s an imitalioii horse-hair. According to tlie method 
1. U.S.P. 72.';0t6, 1903; E.P. 2529, 1902; Can. P. 830i)9, 1903. 
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of C. Waite* a suitable fiber, ns rot Ion tbrend, is passed through a 
bath of viscose, preferably in the uiinged condition, the time of immer¬ 
sion in the visc<iso bath being only sufficient for the deiiosition of an 
exceedingly thin coating. After the coating is thoroughly worked 
in so as to insure as far as i)ossiblc the filling of ail the intersti<'cs 
in the thread, the coating is dried, preferably by ai'tificial heat- This 
treatment is continued until a sufficient number of coats have been 
applied to give the desired weight, the sui'face of the final coat beitig 
redi.ssolveil by immei'sion in water, when tin; coated fibei’ is (lass'al 
into a setting bath of ainmoni\iin chloride or other viscose-i’everling 
agent. After reversion the coated fiber is washed and dried. .\ 
waterproof material is then applied to tin' suihu'C (if lh(' coated thread, 
preferably a petroleum (lil, to decrease the frict ion and increase flexibilil y. 
The process may be modified by a]ii)lying aged visco.se for the final 
coat instead of the water-sohdde and imaged modification, in which 
case it is not necessary to redissolve the surface of the final coal, by 
water before reversion, but the coated fiber may be immediately 
liassed into the .setting bath before the final coat is dried. If thesiged 
visco.se is used for all the coatings, each coal should be dried before the 
application of the next one. The final coat in ihis instance is not 
dried but immediately inimei'sed in the setting-bath, reverted, washed, 
dried, and varnished as above staled. 

According to the (.ffiemiker Zeitung''^ the SuddentsclK'n .Jnlefabrik 
are, employing the patents of the Patent .Spinnerei ,\kfien-{ie.sellschatt 
for making “ Licella ” yarn from wood cellulose by making jiaper 
in the usual manner, except that narrow strips ari- fonni'd instead of 
wide sheets which arc twisted and woven while (hoop, into yiirn tuid 
fabrics of fair .strengt.h. Thus it will be seen that both viscelline and 
licella yams consist of cellulose, the former ;i regenerateil form, the 
latter the original product in nature, viscelline containing cotton 
cellulose interior, and licella consisting entiri'ly of unaltered cellulose. 

Bleaching of Viscose Silk. The coagulated filaments of viscose 
are usually of a light straw-yellow color, or if iiractictilly white, have a 
tendency to tuni yellow in the air and light, ft is customai'v lla'iefoi'e 
to bleach the filaments, a bleaching iiowder solution being more often 
used. The process of ('. hlrnst'* is representative, and consists iii 
first soaking the unbleached viscose silk in water t.o removii what¬ 
ever foreign matter there may be adhering to the surface and for the 
purpo.se of softening to a.slight degree the viscose filaments, the artificial 

1. U.S.P. (iSflPtfi, IIWI; 1001; 7013Sr,, 7013,SO, lOO.'i. 

2 . 1000, ;«t, 11,w. 

.3. U.S.P. SlWl.W, lOO.'i; treatment, with ..(iiilimii aciil siil|iliile aa descrihefl 
under U.S.P. 702888, alsn acts aa an cfTectivc htcaching aaent. 
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silk is then steeped for one or two hours in a !i% neutral solution of 
a soluble oil, such as turkey-red oil, the temperature of which Ls main¬ 
tained at substantially 40°. The artificial silk is then removed from 
the oil-bath and washed in water to remove the oil. By this treat¬ 
ment it is claimed that the oil h.as a definite dissolving action upon 
the impurities com|)oscd of residual svdphur compounds arising from 
the process by which the artificial silk is produced, and that the silk 
at this step of tliti pi-ocess is very much lighter in color and clearer 
Ilian it was before it was immei'scd in the oil, thus showing that some 
of the impui'ities have been removed as a I'esult of the continued a(4ion 
of the soluble oil. After this the silk is removed from the oil-bath, 
and after the oil has been washed off in two warm watera the silk is 
passed into the bhiaching solution proper, which is composed of a 
solution of sodium hypochlorite. This bleaching solution removes 
whatever coloring matter remains in the silk and in a comparatively 
slioi't time, although if a longer treatment is desired the solution may 
be made weaker. 

Dyeing of Viscose does not essentially differ from that of mer- 
cerined cellulose oi' the cellulose regenerated from cuproainmoniacal 
solutions, as descilbed in dluqiter Xlll. In the use of the Inisic dyes, 
the material is moj'danfed by handling from two to three hours at 122° 
h. in a, bath containing 2-5';l of tannin and 1% of hydrochloric acid. 
'Die material is then talam t)ut and extracted, and handled for twenty 
minutes in a fresh cold bath containing from l-2i% of tartar emetic, 
and then rinsed. In dyeing, the material is handled for a short time 
in a cold bath containing from 5-111% of acetic acid. The dyestuff 
is then added gradually to tlic bath through a sieve and the liquor 
heatc'd to 140° 1'. For bright shades on visco,se silk, mordanting 
can be omitted. (Ibardonnet silk is coloi'ed with the basic dyes with¬ 
out la-evious mordanting. The material is Siiturated in a cold dye- 
batli containing .5-1 Of;, muriatic acid. .After turning the silk for a 
\vhil(\ the solution of the dyestuff is gradvially added to the liquor 
and then heated l.o 110°]’. Sulplmr dyestuffs are especially applicable 
to viscose because the soilium sulphide used in the dye-bath removes 
during the dyeing process, the suljihur contained in the viscose, which 
otherwise would have to be removed by a separate operation. 

Preparation of Viscose in the Form of a Dry Powder, which 
is stable in tlie dry condition, may, according to 11. Lynckc,' be accom- 
idisbcd by li'eating alkali cellulose mixed with carbon bisulphide with 
idcobol instead of water. The mass is treated with alcohol (about 

1. E.P. StKl, F.P. SRStll.t, 190,S. See E. Kayser, Zell. Farb. u. Text. 

Chem,, 1902, 1, 575; (J. Kurz, Iliid., ]9l)2, 1, 46. 
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three times the weight of the eellulose), in a kneading marhine, until 
the alkali cellulose xanthogenate is dehydrated and converted into 
small granules. These may be treated again with alcohol for fur¬ 
ther purification, or they may be dried direct. Drying is effected 
rapidly at a temperature not exceeding 7()-Sb°, and dried product 
may be ground to a fine powder. This powder remains soluble in 
water or dilute alkali for a fairly long tinu'. If dp.sired, a little acetic 
or other feeble acid may be added to the alcohol used for purification. 

In the method of L. Lilienfeld ^ cellulo.sc derivatives which are 
stable in the dry condition and are soluble in dilute alkalis, a umonia, 
or even in w'arin water, are prepaied by treating crude or })urified 
viscose, or one of,its derivatives, wnth an oxidi/.ing agent, .such .'is a 
permanganate or luanganate, and preci])itating the product. l''or 
instance, 10 k. of a solution of the zinc salt of viscose in soda lye of 3 -1 ."'fl 
strength, containing 300-600 gm. of cello.lose, arc mixed with .successive 
portions of asolution containing 50-1S0 gm. of potassium permanganate 
in 2-3 1. of water. The mixture, thickens at first, but on continued 
agitation becomes mobile. After standing for some hours, the 
manganese oxides ai'e filtered off and the cellulose compound iire- 
cipitated by an acid; or else, the whole mixture is precipitated by 
acid and the manganese oxides removed by s\d])hui'ous acid. 
The precipitated compound is finally waslied and di’led; it is then 
soluble in a 2% sodium hydroxide solution. The solution of the 
sodium or ammonium compound may be dried, so as to give a product, 
soluble in water, or insoluble nietallic compounds may be obtained 
by precipitation with a zinc or copper salt. 

Viscose in Sheets, may, according to the process of C. Steam,^ 
be prepared by taking the viscose after it has been filtered and the air 
bubbles removed by the air pump. To fonn a film or sheet the .solu¬ 
tion is squii'ted imder pressure through a slit into a preci])itating oi- 
setting solution svich as alcohol, brine, ammonium sulphate, or pref¬ 
erably ammonium chloride, or proje(‘ted from a slit upon a cylinder 
or endle.ss band which carries it through the solution. The thickness 
of the film may be varied by a change in the speed of the conveying- 
band. 'The material is allowed to remain in cold ammonium (ddoride 
solution to remove soluble matters, and is then introduced for a few' 
moments into a boiling solution of the same salt. The subsequent 
operations comprise immereion in a hot solution of sodium c.arbon- 
ate, bleaiddng with sodium hy])ochlo)'ite, washing, treating w'ith acid, 
Wivshing again, and drying under tension in a hot chandler. 

In order to obviate the appearance of efflorescence on the sheets, 
1. E.P. 2998, 1907; 8708, 1908. 2. E.P. 1022, 1898. 
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which greatly impairs their appearance and which is due to incom¬ 
plete removal of water-soluble salts formed in the various reactions, 
C. Waite* admixes with the viscose a strong solution of sodium 
silicate. The latter of preferably sp.gr. 1.37, is incorpprated directly 
with the viscose solution, from 50-75% of silicate solution being used 
to the weight of cellulose contained in the viscose. It is claimed 
that the viscose solution so prepared may be evaporated to dryness 
without exhibiting any tendency to effloresce or granulate or to 
form (U'ystals. The silicate also imparts added toughness to the 
finished p]'odnct, as well as decreased inflammability. 

Viscose Films. Many difficulties have apparently appeared to 
cause slow ])i‘ogrcss in the formation of merchantable viscose films 
suitable for photogra))hic work and other uses. But the cellulose in 
the regenerated form is iised as a dialyzing tube sus a septum for bacter¬ 
iological researches as explained in Chapter XVI, and as a capsule 
for sealing bottles in the place of vegetable parchment or Idd. The 
use of viscose ivs a material for bottle capping is an example of the 
utli/.alion of a ])i'0]XM'ty which has been a drawback to usefulness in 
other fields, i.e., the property of extreme contraction from the hydrated 
to the r(!generatcd form. The cellulose xanthatc in films is used to 
])lace over corks in the manner similar to scaling with irarchment; 
on ('xposure to air the hydrate parts with its water, and as the water 
of hydration com])rises alnnit S5f^, of its mass, the resultant shrink¬ 
age is cori'espondingly large. In shrinking, the contraction necessarily 
causi's the viscose to adapt itself smigly to all the configurations of 
the article over which it is stretched, thus automatically forming an 
air-tiglit seal. 

Manufacture of Photographic Films from Viscose. The two 

w(!ll-known proces.ses are tho.se of ,1. C. Chorley, and the more recent 
method of E. Branderberger. The first-named inventor employs a 
inachinc similar to that shown in longitudinal secrtional elevation in 
]‘'ig. 323.- em])lo}'ing viscose prepared in the usual manner. This 
solution of suit.able strength is contained in a tank or hopper 2, which 
is ])laced at a convenient height above the niachine and controlled by 
a tap 3 for regidating the (juantity of viscose allowed to fall upon a 
suitablj' shajjed perforated dropper plate or trough 4, through the 
l)erforations in which the viscose passes onto the surface of a heated 
cylinder 5. These plates regulate the width of the viscose on the 
cylinder 5, which is heated by means of steam admitted through its 
hollow axle. The cylinder 5 is inclosed in a casing 7 and slowly rotated 
by any suitable driving gear (not shown) in the direction indic.ated by 

1. U.S.P. (>89337, 1901. 2. E.P. 18697, 1898; U.S.P. 641623, 1900. 
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the arrows. The viscose delivered through the perforated dropper 
plate 4 is spread upon the surface of the heated cylinder 5 by means 
of a doctor blade 8, mounted and arranged so as to be adjusted to 
and from the cylinder by means of a worm wheel 9 and worm 10*, 
turned by a handle. (Not .shown.) As the heated cylinder 5 is slowly 
rotated it <'arries forward the thin layer of viscose, which is rapidly 
dried by a curi’ent of heated air drawn through the pipe 11 by a fan 
from a heater ti'aveling in the opposite direction to that in whicli 
the cylinder is rotating until finally comhicted awfiy through the dis¬ 
charge pipe 12. The layer of visco.se, in the form of a continuous 
sheet, is led off the cylinder .5 around a hollow stripping roller Kl, which 



Fig. 323. —Proilucing (icllulose Pliotuiiraphic Filma According to t'liorlcy. 


may be cooled. The stripping roller 111, is carried in bearings in slide 
blocks adjustable by means of screws 1 I. Fi’om the stripping roller 
111 the film passes under a guide roller IT) and over a guide roller 10 
to a batching loller 17 which is driven by a belt IS from a shaft 19. 
Brackets 20, which carry the batching roller 17, arc pivoted to the 
shaft 19, carried in bearings secured to a tiink 21, so Unit the roller 17 
can be raised out of the tank by moving a handle 22, cast with one 
bracket, and the bracktds are maintained in position by a pawl 23, 
which engages with a ratchet wheel 24, secured to the shaft 19. The 
batching roller 17 is mounted in the taidc21, containing a saturated 
solution of boiling sodium chloiide solution—the object of this being 
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to decompose the soluble cellulose sulphocarbonate or viscose and 
regenerate the insoluble cellulose in the film form. The film, now 
cellulose, when batched is subsequently washed, preferably in an 
open washing niachine, to remove the brine and any by-products 
from the dcconipositiftn of the viscose, and, if desired, may be 
subsequently treated with bleaching reagents or dyeing solutions, 
and is finally dried .and rolled, into sheets ready for use. 

Heyond the stri])ping ndlcr 13 is mounted an adjustable stripping 
blade 25, the function of which is to clean the surface of the cylinder 
by I'emoving any visco.se which may remain adhering to it, and behind 
the blade 2.5 is mounted a piece of cloth 26, one end of which is secured 
to a box-bracket 27, and the loo.se end of this cloth lies on the surface 
of the cylinder 5. On the top of the cloth and in the box-bracket 27 
are placed ])i(!ce,s of paraffin wa.x 2S, or other suitahle substance, 
which slowly meets and jiasses through the cloth onto the surface of 
the cylinder, w'hich it covers with a slight wa.xed .surf.ace, and so i)re- 
vents the viscos(! iulhering too firmly. 

In the ])atented process of Jk Brandenberger* the machine described 
is designed to effect the drying of continuous films of cellulose regen¬ 
erated from n(|ucous solutions of the xanthate. If such films are 
allowe(l to dry fi'('ely, the shrinkag(' and distortion arc so great that 
f.h(? products are valuehjss. Mcians arc thenifore ]U'ovided for apply¬ 
ing a moderate ])ressurc to the films in the process of drying, so that 
they .'ire maintained throughout in intimate contact with the rigid 
drying cylinders, 'fhe machine, which may consist of two or more 
sejjiirate tiers t(' economize space, contains in each tier a horizontal 
range of heated drying cyliudm'S which are driven by suitable gearing. 
Above each range of driven cylinders is a similar range of cylindeivs, 
which are not driven inde])endently, but rest freely with their own 
Weight, each one in contact with a pair of consecutive driven cylinders 
of the lower range, and rotated by these only .as the result of such 
contact. The film jaisses alternately round a driven .and a free cylinder, 
and on each cylinder it receives pressure at the tw'o lines of contact, 
^o that .shrinkage takes jilace regularly and without distortion. The 
whole .a])parat.us is inclo.sed in a casing through which heated air may 
Ire circulated. The same aiqjai'atus serves for the application and 
Irying of the films on a flexible support, such as paper, passing through 
it the same tirnc.^ 

1. E.P. l.CSl, 1909; 1909; abst. J..S.C.I., 1910, 29, 17. 

2. Jti E.P. 24S09, 190,S, llramjealwrger describes films of cellulose, obtained 
ireferably from tbe ximtlio(!pnate, which are embossed or decorated in variou.s ways, 
file films themselves, in the course of their formation, may lie made transparent] 
jpacpie, colored, metallized, etc. The finished films may be printed or embossed 
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Viscoid Masses. As has been pointod out in the development 
of the various arts enumerated in the ])recedin{> pa^es in whicli the 
xanthates have found application, viscose is seldom used by itself 
except for the preparation of artificial filamenla. The distinetio i 
beinf; that viscose is soluble, whereas viscoid is insoluble and contaiiis 
]ira(dically no sulphur in combination; the latter finds use in tlie arts in 
masses due to its insolubiliiy and permanency to atmospheric inlluences. 
In forminf; lai'f'e ai;f!;r('gates of viscoid, the chant!,*' from viscose is pref¬ 
erably conducted pirailuall}’ in ordei' that air bubbles may be elimin.'ited 
and distortion be rpd\iced to the minimum. In order to ,indii:n of the 
i\ir-di'y weifiiht of a {riven viscose mass, the tiotal solids must be jire- 
viousl}- determined ex])erimentidly, fi'om which dalii c;m be computed 
tilt! volume of viscose re(iuired to produce a viscoid nmss of 'desired 
weight and dimensions. In produciiu!; thicker itlates from \i..co'e, 
the folhtwiii}; method, although slow, hits b<'en found satisfactory. 
The desired depth of viscose solutioe corres|Hmdin!!, to the final wei|!,ht 
of viscoiil re(pnred is placed in a rece]'tacle at oi'dinary temperatvirt's. 
dust excluded a“ much as possible, and artificial heat usually disjiensed 
with, the first action noted beiiif; a uniform ('(Jiitrai'tiou v'.oebv the 
coa^ridum first foi'ined jmlls itself from the sides of tlie coniainer, 
the mass becoming (inner as jellification jiroceeds. ,\s soon as the 
mass has become firm enous'h to handle wi'hout danu'er of br('{d\in}!:, 
il is removed to a iiorous receidacle, usually a metal dish with numbers 
of iKU'foralions at the sides and bottom, wlu'reby evaporation is more 
uniform tnid speedy. The most advantafreous temiierature is slated 
to be ;io-l(l°. Coajrulation and evaporation is continued until the 
mass has acipiired the desireil con.sistency, the moisture and carbon 
bisuljihide vajHirs evolved beinn {irefendily led away by means of 
exlniiist fans. ^Yhen the mass has suiriciently solidified, the conp'eal- 

in (Ifporative tlosijins, anti the omlxts'^od reliefs may bo padded with appropriate 
composition (mastic), with or without an external support. Or the siipnorts them- 
.''^elves may be decorated, and the dry or mfHst films atlacheti by means of adhesives, 
and the pnMluet embossed, its hollows iiein^: filleit with a plastic or ri^iid malerial 
to which a swond sup])orl is then applied. Suitable supports are paper, cardboard, 
textiles, leather, wtkmI, foliated metals, etc. In H P. 1511)0, 11)09, Brandenln'r^er 
(lescrilH's an apparatus for the manufacture of cellulose films in continuous form 
from viscose, which consists of a hop{>er, contJuninKthc viscose, and provided with 
jin adjustable slit. The viscose is delivered throiitih tliis slit on to a roller revolv- 
iniii in a eoaaulatinj; nw'dimn, e.fi.. a solution «>f armnoniiim sulphate. From this 
roller the film is led and supported over a number of rollers revolvin^i in a series 
of vats containing? solutions of brine, to remove the alkaline and sulphide by- 
prixlucts from the film, solutions of mineral aci.ls, to decompo.se the xanlhate 
and render the film insoluble, aial finally throuiih a series of washing vats, after 
w'hich the film is reeled up. In the earlier vats of the series, all the rollers an* 
driven by suitable gearing and are placed very clost^ together, but without actual 
contact, in order to support the film while it is still plastic, l)ut the rollers in the 
vat.s later on in tlie series are simple giiide rolls, over which the film is led in ik 
zigzag direction through the various lifpiiils in the vats. 
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iiifi is cimiplnteJ liy exposui’o of the csike to the temperature of boiling 
vvatei' until'it doi'S not clocrcase in 'weight. The salts present are then 
I'einoved by dialysis, the (now) insoluble cake being placed in water 
until no more salts appeal' in solution. As viscose is a poor conductor 
of heat and electricity, the final heating at 100° must be continued 
until the mass when jilaced in wann water docs not swell up or soften. 
Wlien all the salts have dialyzed out, the mass upon drying, apjiears 
translucent, homogeneous, firm and elastic. If opaque spots are 
discernible in th(^ mass, it indicates either the presence of entangled 
air bubbles or loo higli a temperature was used in the drying process. 
These blocks when ])ro]jerly jii'epared, may be cut, turned and fonned 
into any form or shape and find an indicated sale for knife handles, 
toilet articles, the handles of tools, electric resistance material, trunk, 
suiti case ami hand-bag exteriors, where rigidity and strength are 
the ('ssential re((ulsites. By iucor])oi'ating with viscoid indifferent 
bodies as filliu's—sawdust., chalk, barytes, etc.—the composition 
may be inatei'ially ch('a))eiied and still find use in arts where the cost 
of ])i'oduclion (uiables s\iccessrul competition. Any body chem¬ 
ically compatible with viscoid is a suitable material to incorporate 
with it in the pi'eparation of new and useful materials. For the foi'- 
niathin of white masses, chalk, magnesia, magnesium oxide, zinc 
oxide or sulphide, lead carbonate and similar jugments ai'o useful, 
while soapstone jiowdei', asbestos and barium sulphate ]n'oduce masses 
of dillicult inflammability. Knif(' handles may be prepared by incoi'- 
poraling magnesium carbonate with the viscose, to which lampblack 
IS adiled if the handles are to be black. Viscose masses may be col¬ 
ored any desired tint by introducing the substantive or water-soluble 
dyestuffs into the ac|ueous solution of viscose before the commence¬ 
ment of the reversion process, it being remembered, however, that 
.is the mass contracts to one-third to mie-fonrth it original volume 
in (!r\ mg, the original amoiiiit of dyestuff introduced must be calculated 
accordingly, or the linished viscoid will be of too dense a shade. In 
liroduciug vi,scold masses on a large scale, the mixing and kneading 
apparatus described in Chapter IX, and under Smokeless Powder in 
Chapter XVHl, is serviceable, being of the same general nature ,as 
paint, and bread mixers. The tjqies used for smokeless powder gelatin- 
ization are ])refei'able, on account of the lightness with which the 
cover may be fastened down, thus reducing to a minimum the esc.aite 
of the poisonous carbon bisul])hide vapor's into the. atmosphere. The 
luster of any viscoid mass oi article formed therefrom may be increased 
by immersing the finished product iu a ll)% viscose solution, after¬ 
ward reverting to the insoluble form by means of 100° heat,. When 
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he articles are to be painted—dolls’ heads for instance—the colors are 
ipplied to the finished article, and to render the colora })eniuinent, 
minension (preferably) in a pyroxylin huaiuer, followed by drying, 
s often resorted to. Such ui'ticles may then be cleansed l)y soap and 
vann water without affecting the permanency of the tints. As vis- 
■oid masses filled with mechanical wood inilj) and other difficultly 
ilTccf.ed niatei'ial, prove very rewistant to atmosphci'ic influences, 
lududing alfcrnate fi’ee/.ing and f,hawing, they ai'o w’ell adajdcd for 
>uilding ])urposes. In the formation of moldings, cornices and other 
ntricate exterior or inteiior ornanunital work, it is claimed that figures 
nadc fiom these masses ]n)sse.ss prui'tically the ])ermauence of the 
lard woods, cs])ecially when ])roperly protected by paint ami vaniish. 
I5y introducing small amounts of camphor, miphthalin, salicylic or ' 
)en/.oic. acids or similar insecticides, the materials formed are also 
nsect and vermin proof as well. Busts, statuettes, relief figures and 
■eramic wai’e, are fields of usefulness in whicdi these combinations arc 
iidicatcd. 

In the process as described by M. 01i^•ier,* the largo a,mount of 
aioisturc usually present in the viscose at the commencement of 
■eversion, the elimination of which necessitates the gradual shrinkage 
)f the formed coagulum, may be obviated by ijroceeiling as follows; 
rhe, alkali-cellulose is treated in the usual niannei' with carbon bisul¬ 
phide, the xanthate thus obtained allowed to mature for a day or t wo 
at the ordinary teniperaturc, after which it is, without the addition 
;jf any water, ground for about half an hour in the cold between cylinders 
until the granular mass has become perfectly homogeneous in a])pear- 
ance. It is then removed from the cylhiders and allowed to stand 
for about tcventy-four hours, the xanthate thus obtained being soluble 
and not coagulated. It is then passed through a hclicoidal sausage- 
m.achine, in which it is compressed to a homogeneous mass. 'I’his 
compressed material upon issuing from the machine is received into 
tubes, molds or other fomis in which the cellulose is fixed and regen¬ 
erated, the final process being drying, still under ])ies,sure, for a period 
Ilf twenty-four to thirty-six hours at 30°. The material thus obtained 
Is stated to “ ))os.sess absolute homogeneity, uniform dcasif.y, without 
holes or other blcmLshe.s, and can be molded into a perfect finished 
product.” 

P. Defaucamherge^ combines the ]ihysic.al properties of ela.sticity, 
temacity and non-conductivity for electricify found in Pai'a rubber 

1. U.S.P. 82G35I, 1906. Viscolilh in a name sometimes applied (.o viseoid 
aggrogutes. 

2. U.S.P. OtSG.lS, 1909. See M. Olivier and E. Thomas, “ha Viscose,” Paris, 
1900; J. Bonavita, La Nature, 1900, p. 250. 
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and viscose, not by combining; rubber and viscose with benzine or 
car])on bisulphide, in wliicli the latter is insoluble, but by mixing 
directly, the india-nibber ns it first exudes from the tree (so-called 
latex) as the solvent for Para rubber and viscose. Ho claims that, the 
viscose and latex form a mixture which can be kept long enough 
without alteration to allow the different operations of manufacture 
to take place. The viscose used i.s prc])ared in the usual w'.ay. 

In the pi’ocess of L. Collardon * jila.stic viscose ma.s.scs I'esult upon 
ndxing wood-meal, cork, hair, etc., with .an acid or neutral solution of 
visco.so, together with a certain j)roportion of adhesive as starch or 
glue, the elasticity of the ))roduct being modified by the addition of 
acetin, glycerol, turkey-red oil, or similar substances. 

Manufacture of Hollow Articles from Viscose, according to 
the method of Jh Thomas and .1. llonavita,* consists in shaping a m.ass 
of viscose while in the gelatinous condition after washing with brine, 
into a lieinisphcrieal form, the circular disk of viscose being then 
clamped onto a sheet of caoutchouc, which is then distciuln<l with the 
film by the application of fluid pres.sure undenicath. The film assumes 
a hemispherical form with a flange, and in this state it is rendered 
in,soluble in water, and placed u])oii a snitalflo mold, on wliicli it dries 
and shrinks. Two sui'h hemispherical films, ceniciitod together, 
constitutes the ball or other hollow article. 

Electric Lamp Filaments from Viscose. According to the 
l.)atented ju-ocess of (1. Steam ^ carbon filaments for iiicaiidoscent 
electric lamps may be prei>ared from viscose by projecting the .solu¬ 
tion in the usual manner into a .setting liquid, Steam preferring for 
this ])urpose aqueous ammonium <ddoiide. The method is illu.str.ated 
in Pig. ;i‘24, the jet orifice u ,at the end of the receptacle A containing 
the viscose solution; n~ represents the hydraulic or other pressure 
apiilicd to force the i)re[)a'’cd solution out of the jet into the precipitat¬ 
ing bath. It may be rewound in another setting bath C, but experi¬ 
ence lues shown tluat for m.aking lamp filaments it is better not to 
drag on the material by rollers, but to allow it to be (lei)o.site(l by its 
own w'eiglit. Por subsequent tre.atmcnt, see U.S.P. oiW-KiS. 

•-'Sizing Paper with Viscose. An alk.ali cellulose adapted to the 
u.se of ]«ipcnnakers * lias approximately the following comiiosition: 

1. F.f. a7L’5Sl, lilOG; U..S.r. I'llO; .ahst. .I.S.C.I., 1!)07, 2(!, 

2. E.P. IKida, llGCit, 1!MK). See also Thom.as & I'riivost, D.ll.P. 120S.SH I'lOO 

:5. E.P. I02U, 1021, 1022, l.SOS; U.S.P. 6220S7, ISOO. 

■1. According to (!, neadlc, t;.N., Sep. 1-1, 1000, Reprinted ('hem. Knu. lOOfi 
0; see C.N., 1S07, 7.'), 74; .hmr. Prank. Inst., PSO-l, 138, 100; 1807, 14!!, I; .lour. 
Sec. Dvensand Col., 1000, 22, 2S1; C. Ijcvy, Annnario .SociclA Chimica Milano 
lOO.'i, iO, 243; Haber, Dingl., Poly., 18!M, 2«4, 210; C.N., 1000, 127. See also Far- 
ledler. Papier Ztg., 1897, 22, 3390. ' 
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cellulose 2"), ulkali (.NaOll) 15'k’, and water ])rc\)avcd in llie 
usual inani\er. As the I'cseneraled cellulose is essentially ot the same 
composition as paiier substance itself, the us(i of viscose as a sizinu; 
acent has Ix-cn very effective and has been widely adoiitial in the 
manufacture of i)a])er, beinii: ecpially applicable in the coai'ser lu'own 
pajjer or straw board, the viscose bcin;; used in an unpuriflcd or par¬ 
tially purified state, or as a size in the finer grades of white inijier in 
which the purified product is luaessary. 

Although soda-viscose is the least expensive form aJid may be 
used directly as a size, it is seldom, it ever, emjdoyed on account of 
the time and difficidty required to remove ffu' sohdde sodiuin salts 
from the paper substance before use. ('ojubinations of viscose with 





Fin. a24.—Tlic Steam Filament .Apparatus for fncandc.secnt Electric Tjainiis. 


ammonium, magnesinm .and zinc are more rreijuentlv used for this 
purpose, at present maitdy becanst' they decompo.se more readily :ind 
rapidly tlum soda-cellulose, .vmjnuiiiiim-vi.scose and magnesium- 
viscose in deconq'osing yield |ii(iducts readily soluble in wtiler and 
which may, therefore, be easily climintited from tlie paper substanee, 
while with zhie-viscose tind soda-visi ose Ic.ss carbon bisulphide tmd 
hydrogen sulphide separates. 

While the viscosity of a viscose solution may be lowered by the 
direct addition of caustic soda, tliis is not to be recommended for iiaper 
or cloth sizing. The viscosity of the .solution rtither tlum its perceiittige 
(amiposition of cellulose is the important factor in st-rongthening and 
hardening paper, it being remembered tlmt the biglier the viscosity 
the greater the tensile sirength im])arted to the ])aper.i “ Itopiness ” 
1. If given two solutions of equal strcnglli (.say lO'X.) one to tic pi'e])areil t,o lie 
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due 1,0 imlrcaled or pariially treated cellulose must lie distinguished 
from “ viscosity of solution,” the latter of wliich is not removalilc by 
filtration. 

A.S C. Rcadlc h;is stat.ed, viscose has tlic “ property of coafrulat- 
ing or becoming insoluble. The .solution in time hardens to a jelly, 
forming again insoluble cellulose, but in a hydrated condition. If, 
however, the solution i.s extremely dilute, as if is in an ordinary paper- 
makers’ beater, ami ajrit ation is going on at the same time as coagul.a- 
tion is taking jilace, instead of homogeneous jelly being fornu'd, a floccu- 
lent jirecipitate of cellulose i.s jiroduced, which in contact with the pulii 
on the pajier machine can be made to agglomerate into one continuous 
mass, and give strength to the ]iapei- by glueing the fibers together, 
'I'hc art of viscose sizing Is to bring this change about so as to give 
the maximum benefit to the pajier. It is advisable to use the viscose 
solution within a short )ierio(l of the time of manufactui'e; it will not 
keej) indefinitely, and for this reason it should be by prefei'euce made 
in the pajier mill whei'e it is to be used. 'I'he elTecl produced is not 
unlike that due to prolonged beating with dull hackle, whereby some 
of the fiber is munched up into a gelatinous mass of hydrate, which 
fias the pow('r ol acting ns'an adhesive, and glues the fibers together 
when made into ]nil]). 

” When a dilute solution of viscose is added to the paperinaker’s 
beater jireciiiitation does not take jilace (piiidily, pai'ticularly wdth 
fleshly made viscose. It is necessary, therefore, to add some sub- 
stanc(' which will bring about the )ii'ecipitatiou of the cellulose, but in 
such a manner as to ]ireserve its llocculcnt sticky coiulition. Ordinary 
iiiineial acids will precipitate it at once, but destroy its good (pialitics; 
alum, also, is too acid a substance, and in a measure has the same 
effect as niineial .acids. Something is needed to lU'Ccipitate the cellu¬ 
lose in a more gentle fashion; this can be acconpilished by the addi- 
tioi of magnesium suljih.ate or zinc sulphate. These salts dci-ompose 

very viscous an<l the otlior quite linipid, it is quite possible for the former to possess 
live times the si riaigth-givioi; eltect of the liitier. It would he neee.s.sary, therefore, 
to us(‘ five ot th(' latter to on(‘ of tiu' lormer to jiroduee tlie .sani(‘ result. 'I'lie 
oliject, therefore, in pix'pariug \ iseose for use as a jiaper size is to do .-o in such a 
way as to produce the maxiiuum teiisili' stnmgth and hardening efteet with till' use 
(if tlie ininiinuin (juanlity of viseo-e for the sake of (Tononiy. This vaiiatioii in 
viscosity witli e(|Uid weight of cellulose is analogous to tlie great variation in Iluidity 
of solutions ot the cellulose nitrates eoiitaiiiing eipial weiglils ut pyni.vyliu di.s.s(ilved 
in the same aniuunt uf a given sulvent. 

In the ca,s(‘ iif prokiiiged healini; of paper pulp iu the llullanders, the celluliise 
is more or less liydrated, and a certain amount of eellulo.se Iransfornied wTiicii 
acts as an adliesive causing tlie jiaper fornusl to possess griaiter strengtli and iiard- 
neas. In tli(' ea.se of vi.seose sizing, instead of idTeeling the libers tlienisel\'es, tlie 
eellulosohydrale is added and |ireeipilaled, giving to tlie pulp somewhat the same 
pr(i]ierties as continued heating un, pulp alune would produce. 
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the soluble compound, leavin<; the cellulose suspended in contact with 
the fibers and the pulp neuti'al.” 

From laboratory and manufacturing trials made with viscose upon 
various paper stock cond)inations, with and without rosin or alum, 
inci-eased tensile strength of visc^ose-sized pajjcr ow.r that of rosin¬ 
sized of 30“/i, and ovei' waterlcaf pa])cr of 55% were noted. A.s a 
result of extensive practical experience in this field. Beadle has arrived 
at the following definite conchisions; “ First of all, the maximum 
strength for 1 % of added cellulose in the fonu of viscose; Ls imparted 
to the pa])cr when viscose of the maximum viscosity is used. The 
maximum effect for each 1% of cellulose is obtained when small 
amounts arc added (i.e., 1% or less); thus 2%, would not exert double; 
the effect upon the paper that 1 % does, nor wemld 4 % exert doidde; 
the effect ujeon the paper that 2% deecs. 

“ 'rhcrc ap]jears, fui'thermeerc, to be a limit to an incrciiso of .stremgth 
ehie te) the additiem e)f visceese; for example, a ])eiinl may be reache;d 
in one paper on the addition of 5%, of cellulose, and in aimther em 
the additiem of 10% beyemel whiedi the adelitiems eif furtlu'r fpiantitiess 
of celluleese as viscewe would give ne; ineu'case etf strength.” 

lixjK'rimcnts made by the Versuedisiinstalt eif ('harlottemburg on 
the effect eef viscose as a size- fur variou.s grades e)f paper, is sheewn by 
the appended results: 

Urcaldns EloriKulion 


Variety of Paper. 

Length in 

in 

Meters. 

Percent. 

Brown wrapping pa])(‘r from steamed wood . 

. .. 3r)75 

l.SO 

Kann;, sized with 4 '/< '>f viscose. 

. . 1750 

3.00 

Brown wrapiiing paper from steamed wood . 

, ., 3200 

0.00 

Same, sized with 4of viscose . . 

. 4(i.50 

2 . 10 

Brown wrajijiiiig paper from steameil wood . 

... 2225 

1 .40 

Same, sized with 4% of viscose . . 

, ., 2025 

1 .07 


Paper sized with viscose is distingui.she-el by a tinner feel anel more 
compae't ajipeaiemco, the- elemgatlem be-iiig ine'ie'eise'el as high as .S';;,' 
in some varie-ties eif ])ape;r.^ In the- finer kinds of pajie'i', whe-re a, while; 
ceileir is inelispensable, the visceise must be eau'etully jiurifie-el be-feii'e; 
use feir paper sizing or the paper soon “ eigcs ” anel acepiireis a yedleiwish 
tinge. 

1. And neit .tO .')0% as statpel in a certain work in Englisli ein the suhjeict. 

2. A inethcHl of fiurifyinK viscose in onlcr f,o obtain a product (‘specially adapted 
to sizing high grade nape^rs is, according to K.P. d()!)r>4eH, possible by treating 
the crude viscose witli acetic, lactic or formic acids, then with a neutral deliydrat Iiig 
agent (hririe or alcohol) to precipitate the alkali e(‘!lulose xantliatc, which is after¬ 
ward Hcparutcd from the mother liquor and dissolved in water. TliLs is tlien 
used as a size for paper, warps, yarns or dressing fabrics. 
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In order to producer ;i viscoso sniln))le iis a sl/.o on the lightest and 
most delicate shades of i)apor, A. Fielding ' adds a solution of sodium 
bisulphito to the viscose in tin; following niatmer; 0 gal. sodium bisul¬ 
phite .solution of 70“ Tw. is mixed with 25 gal. oflf, viscose solution, 
and those (piantities added to a beater containing the equivalent of 
600 lb. of dry pul)). The bisuli)hite may be addc'd to the fibrous pulp 
either befoi'e oi’ aft.er the visco'^c lias been put into the beater, the 
l)a))er being steamed after drying in order to complete the decolora¬ 
tion and fi.xation of the vi.scose. (lalcium bisulphite and china clay 
arc preferred for filling and finishing tp.vtiles. 

Viscose as a Paint Material, for wall and decorative iiainting, 
)uay2 be produced by first ))urifviug viscose as ordinarily prepared by 
the siniultaneous addition to the alfiali-cellulosc |)rci)ared in the 
usual manner in a vei’tical mill (('dge runners) finely powdered sodium 
sulphite in the pioportion of 25-30' ,' of the weight of the cellulose 
contained in the alkali cellulose, together with zinc oxide in th.e iiro- 
l)ortion of 30'/,,. The grinding is continued until the mixture has 
become thoroughly homogeneous. After this incor])oration of ,“odium 
suliihite and zinc oxide the mixture is treated with carbon bisulphide 
in the ordinai'y way, the product being dissolveil in watc-r to form a 
lt)')|, solution of celhdose. Various other white and also colored 
|)igments not effected by the alkali may be .added for the same inir- 
jxjse, the paint so |)roduced being |)eculiar in containing no oil, driers 
or size, and on account of the absence of white lead is unaffected by 
traces of hydrogen suliihide in the atinosphere. It is saiil to produce 
admir.able matt and dull surfaces, which alter thorough fixation of 
the ('('llulose, may be washed with soa|i. Its utilization as a ])aint- 
remover, has becai mentioned. While the sodium sul)jhite and zinc 
oxide may be addwl directly to viscose', it is ]U'eferable to add it to 
ihe alkali-cellulose.'' 

.Artificial Leather from Vi.scose. Ry varying the com])osition 
and thickness of the cloth or other textile base u|)on which the vi.scose 
is to be precipitated or depo.slted, ])i'oducts from imitations of fine 

1. TT.S.P. 7ns7(t0, 70S7(il, 1002, E.P. 202.07, 20808, 1001; I'M’. .8'2(M7.8, 1002. 
Sec also A. I.ittlc, Jimic. Frank last , 1S04, ItkS, 111; .l.S.C.I., 1S08. 12, 408; 1S04, 
lit, 000; 1805, 11, .tO; Tc.xt. Mfr., 1000. 20, 822; v. I’ossauncr, \V. 1>ai)ierfahr,, 
10(18, 004, 1221 ; F. Arlcdtcr, I’apior Zt^., 1807, p. 8800. 

2. According t,o E. Tlamias, .1. Itonavita :uid !tl. Dlivicr, TbS.P. 040014, 1000; 
E P. 07)77, 1800; Dan. P. 827)8, 1000; D.R.P. 117401, ll.s.lol, 127)410, 1000; Narw. 
P. .8058, 1800; Aa.st. P. 4018, 1001; Swed. P. 110.57, ISOtl; liana. P. t'cp. 22, 18'S.). 

8. Sec proccs.s of J. Braaderl>cracr, E.P. 24800, 24811, 1008; .J.S.C.T., 1000, 
28, 851, for paper size or paint from I'cacncratcd cellnlosc ol)taincd from viscose. 
“Filirol" or “pcinturc incomhiistihlc” is viscose mixed witli zinc oxide, harinm 
snli)l)at.c or other iiicomhustil.le ]>igmcut. " Uocai)ant ” or " t'lysol ” is an alkaline 
viscose paint remover. 
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leather to lieavy sole leather may be produced, in general by the 
impregnation of a woven cellulose material with a cementing and 
agglutinating body soluble in water (viscose) afterward rendered 
insoluble by heat (change to vlscoid). 

In the preparation of that class of artificial leathers intended for 
embossing and use in upholstery and book binding, a thin, closely 
woven cotton fabric is selected, usually a dnek or thin drill. The 
"loth is jn'oferably bleached and scoured before viscose-coated in order 
to render the fabric as absoi'bent as possible. It is not necessary to 
diy the fabric before coating as has been advised, for the viscosi, 
being an aiineons solution, is not antagonistic to the moistnie pre.sent 
in the clotli, as is the case where a cellnlose nitrate product is to be 
deposited. The, general method of coaling is similar to that desi-ribed 
in ('hai)tei' XI under the ‘‘ Tormation of ryro.xylin .\rtificial heather," 
with the exception that usually both sides of the cloth is imiircgnated, 
and by means of passing the cloth in rolls into a bath of viscose, the 
speed of entering and the length of time of submei’sion depending 
on the thickness of the fabi’ic to be coated and the closeness of its 
weave. Aftei’ emerging from the viscose tank, the cloth passes through 
a pair of " sipieegee ’’ rolls, which meivly presses out the snperllnous 
solution, which then runs back into the tank. A solution of visi'ose 
containing the C(]uivalent of about cellnlose is as concentrated 
iis it is desirable to use for impregnation, a inoi'e highly concentrated 
solution i)eneti'ating with difliculty the fabric substance. This is 
especially true whei'e “ raw ” or unsconred cotton cloth is used. The 
next step after squeezing out the siqicrllnous viscose is regeneration 
to cellulose, and this is usually done in either one of the following two 
ways: The damp and imjjix'gnated cloth is ])assed thiongh a steam box 
where it is subjected to live steam at a tenqx'i'c.tnre of about So-llK)''', 
or pa.ssed thi'ough hollow calender rolls, which are steam heated. The 
hatter method po.ssesscs the advantage of condiining pressure at the 
same time as reversion, so that the (inished cloth taki's on a smooth 
and polished apjiearance. 

During the decomposition of the viscose by heal into viscoid, 
carbon bisnljihide and other vapors .are disengaged, not. only p(ji.sonous 
and highly inflammable, but valuable. By inclosing the calendar 
r('lls in an air-tight box, leading th.e vajiors through a brine c)r ammonia 
refrigerating s_ystem, a lai'ge portion of the carbon bisulphide may 
be recoxmred nnxed with water, from which it may be readily separated 
by decantation, the two fluids being immiscible. A factory n.sing 
this method, to the author’s knowledge, lecovers about 40% of the 
carbon bisulphide, theoretically disengaged, and this needs no 
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purifiralioii or rectification for reuse other than the mechanical sep¬ 
aration of water by gravity. The final step, called “ sunning,” is 
exposure of the cloth to contact with series of steel rollers heated to 
about 00° to remove all traces of bisulphide odor and compat^t the rna.ss. 
The rolls may be friction (of varying s])eeds) in order to prodyice a 
glaze or polisb, or “equal si)eed ” to niei'cly eliminate traces of solvent. 

If the cloth i.s to be used for “ carti'idge ” and similar wall papers, 
usually one coating is sutricient., but if designed for u[)holstcry, book 
covers and other uses to sujtplant embossed leathei’, it is customaia’ 
to first dye the cloth approximately the simile of the finished leather. 
Water-soluble anilines, together with pigment to render the coating 
sullicicntiy opaque so as not to show the fabiic weave, is mixed with the 
cool viscose in the impiegnating bath, tlie contents of which is kept 
in agitation in order to insui'e the uniform suspension ol the heavier 
liigment jiarticles. If it is reiiuired to economize solution and co.at 
only one side of the fabiic, this is possible by arranging a thin metallic 
slit through which the. vi.scosi' comes in contact with the cloth, the 
height.of the slit and hence tlii' amount of solution deposited in a unit 
tiiiK', being governed by means of a screw liead with micronieti'r 
gauge, Tlie speed with which the cloth jiasses under thi' solution 
is also varii'd with the amount of material it is desired to deposit 
thereon, best results with this method have bimii attained wliei'e the 
preliminarv or anchorage coat was deiiosited by actual immersion 
of the fabric as first describi'd, subsequent layers lie-ing addl'd, until a 
sufiicient jibirality of coats have been built up, by depo.siting on one 
side only, as ju.st stated. Afti'r the final dr\ing the cloth may be 
('iiibossed bv plate or roll or otherwise treati'il as previously described. 
(Se'e Cliiqiter XI.) 

A microsi'opic exainlnation eif a fabric, inqiregnated as di'scribed 
aoove will show that the individual cotton (ilaiiii'iits are agglutinated 
logeliier in such a manner that the' line ol demarcation betwe'en each 
lilaiiient is almost iiulisliiigeiishable, and lor practical purposes, 
forms a continuous mass ol e'lastic, wati'r-re|iellaut cellulose. 1 he 
natural stre'iigth of the I'oltou fihuneiils has be'cii augmented and 
their durability enhaiii'e'd b,\ the l•onlple'tl' envehqniu'iit and iii'icola- 
tieiii through tluiii of this structure'le,is ea'ineiit. It has been said that, 
a iiic'ce of leather may be torn with gre'ate'r ease' than a jiic'ci' of labric 
of the same thii'kness inqiregnate'el with this regenc'rate'd ce'llulose. 
The uses of varying thickiu'sses ol cloth thus I'oate'd must be niiiny, 
the preparation of large beUing be'iiig less expensive, more lasting, 
and not as readily affected by lubricating oil and “ belt dri'.ssiiigs,” 
as leather; and as waterproqliiig for cloth intendod for awnings. 
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tenting and other uses where exposed to the cleanouts; for 
the canvas portion of two-section razor strops, Ix'ing more durable 
and capable of taldiig on a higher gloss w'ith soap, and a greater ability 
to pi’odueeo a “ cutting-edge ” upon hard steed I'azors. Used as a mate¬ 
rial for sails, wdicre, wlieai e'ontaiiiiug naphtlu)!, ;ind eet.her antise])tie's 
and fungicides, renders possible the preparation of materied but little^ 
alfecte'd by siilt watea', anel met preene to mildew u])un steering. Visceise- 
coatenl elnck edoth is said tee be superieer to sede leeithei' anel other heavy 
k'.atlie'rs feer use in slieees, due to the fact. that, wlieereais h'ather upeen 
be'e’Oining wed jnirts with seiiue etf the e'enitiuned tannin through seilu- 
tiem, and upon elrying exhibits the tendeiu'}' tei stiffness and pi'emene^ss 
to cracking, viscose-eaiated cloth, being insoluble, in water, eleics not 
possess these drawbacks. 

In the preecess eef L. Xaert * for preeducing artificial leather, unelre'ssed 
eir drewseel and fedte'd fabrii' is imiire-gnateel with visemse* as has be'eai 
elescribeel, them fixe'il by stemming, after which a se'conei treatment 
is given with a solution eif india-rubber in raruo, the final preylued, 
being rolled. Duvinage^ prefers to use woolen fabric for the base’, 
anel afte'r preielucing visi'eiid eni the fiber anel drying, a se’conel tre’at- 
nient is givem w'th the fedlowing mixtui'c; carbeni elisulphiele I 1., gutla 
pcrcha 20 gim, caoutchouc 10 gni. anel .a.sphalt and dammar, e’ach 5 gim. 

In the; nuire ree’e’iit metheiel of (1. Winti'i'beitlom and Jlgertoii'* 
a fabric eir either mate>rial is coate’d with a ceunposition maeli' from vis¬ 
cose incorporated with about It; of rubbe’r, or with an eiil or eilhe'r 
similar seibstance tei ae't as a seifteiiiug agent, and with mineral matte’r, 
such as zinc eixiele, anel (if elewired) a jiigmemt. The material is then 
steamed eii aged, and washe-d with water to lemove solulih’ impuritii's. 

-•Viscose for Wall Paper. As a thickening agent for the colors u,se‘il 
to produce the elesign, visi'ose may be’ use’el elire’ctly in the manu¬ 
facture of wall pa])er, and conijiare’d with the usual thii’ke’uing age’tits 
possesses the advantage’s that colojs adhere much nuire tenaciously, 
and when the viscose is subseejue’iitly transfonueel into celluhise’ liy 
heat, the e'oloring matter can be elTace’d by ndibing only with didiculty. 
In the manufacture of so-called flock pape’r, wdde’h is prepareil liy 
dusting finely ceimminuteel and elyeei weml upein size’el spots ein the paper 
viseieisc is eif cspee’ial value becau.se’ the flock caimeit. be’ reaelily remeive’d 
as is the case wdien the usual starch and dextrin sizes are u.sed. Me’ledlie' 
bronzes, powelered aluminum, pigments anel hdees in impalpable 
powder, ground with vise’ose in a jiaint mill to a thin e'onsistene’v, may 


1. E.P. 17‘2.'i:?, I'loei; U.S.1>. 7]!)7.S7, I'JO:!. 

2. F.P. netiu:!, i<i0(j. 

3. E,f>. 12(i,S7, toon. 
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be printed upon paper, the latter steamed, when the bronze or color 
is firmly fixed. Wall paper which has become dingy by smoke or 
use may be restored to its original beauty by washing with soap and 
water, pi’ovidcd it was originally viscose treated. Thus viscose-treated 
wall paper is eH])ecially valuable for the walls of a bathroom or lavatory 
on ac(a)unt of its sanitary nature and resistance to soap and water. 

Imitation of leather and velvet and velour portifsres and draperies 
are jjossible by means of velour on a cotton dui^k or drill backing. 
The pattern is printed on in sections with viscose, the colors in wood 
Hock or other fibrous and dyed material being sifted on and brushed 
off aft(>r each impression, until the entire colored pattern results. 
The cloth is then steamed or otherwise treated t.o regenerate the 
cellulose, which jiroducos an entirely insoluble iiattern, and hence 
one which will wear well. Wall pajier in relief oi' with embossed 
elTect may be formed in a similar manner, the regeneration in this 
instance being best accomplished by passing the paper with the non- 
printed surface down, over a metal roll heated to JOo", but with suf¬ 
ficient rapidity so that' the nia.xinmin temperature at one spot is not 
maintaiiK'd more than a few seconds. 

Cellulose Xanthate as Substitute for Wood and Horn,’ and 
obtained by the action of carbon bisuljihide on alkali cellulosi', is 
allowed to harden by standing at the ordinary temperature for a 
day or two, when it is ground between cylinders in the cold for about 
liiilf an hour until it has heconu’ perfectly smooth. After standing 
for about l.weuty-fonr boors the soluble xanthate is ])asRed into a s\iit- 
able press, wliere it is crniipresscd into a homogeneous mass, which 
is introduced into suitable molds, and then “ fixed ” by kee])ing it 
foi’ twenty-four to thirty-six hours, at a tcmjjoraturo of 30°. The 
prorhu't, is staleil to be cpiite homogeneous, of even density throngbont, 
aJid fi'ec' from cavities. It can be molded to the desired shape and 
colonxl or otherwise treated to resemble wood, horn, etc. 

Viscose in Cloth Printing. In “ c.alico printing ” and the 
lU'inling of other fabrics, viscose may he used in a number of ways, 
whore tlu' i)ro]iei'ty of formation of cellulose either as a protective 
agent or as a <'arrying medium may be made use of. If a w’oolcn or 
silken fabric be printed upon with a nndticolored design by means 
of a viscose solution of proper strength, and this fabric then be passed 
over hot rolls t.n change the viscose into viscoid, the places covered 
and inijireguated with cellulose act. as a resist, so that in the subsequent 
dyeing process, whei’e a (b f^stuPf is used which colors silk and wu>ol, 
but does not afr<‘ct cotton, the ])ortions covered with viscoid will 
1. Process of Soc. Prance, do la Viscose, P'.P. 3510.S0, lOO.'). 
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appeal' coloi'loss iit tlio finish of tlie dyeing operation, the eloth showing 
a colored design upon a colorless (white) hacfigrouiul. If, on the 
otlu'c hand, the silk or wool coloring dyestufl h(' incorporated with 
the viscose, and the fabric piinted with lids nuxturi', passing the 
fabric over heated rolls will cause the viscose to form into a cellulose, 
the color tlmi becoming imbiHlded in an iusohd)le envc'loping layer 
of cellulose. Fo)' marking fabi'ics in mills and as a nuirking iidv f<ir 
laundi'i('s, viscose containing coloring matter may be print(‘d on the 
cloth, the latter being then passed ovei' heated rolls for fixing. Finely 
divided carbon or ntlu'i' ])igment u.seil with viscose pasti' and a rnbher 
stamp gives satisfactory results, although but a .small amouid, of the 
))reparalion can bi' made up at one time on account of its ready rever¬ 
sion into the insoluble celhdose. With laundry, after markiug, pass¬ 
ing a iiot (latiron over the sui'face suffices to fix the cellulose. The 
carbon is thus inclosed which has actually penetrated the fibers of 
the fabric, ki that upon application of a cellulosi' siilvc'iit as cui)ram- 
moniuni, but, suiicrflcial solution ensues, the writing becoming ^laler 
Init. does not los(' its distiirctne.ss.' Th<'^ difficulties conneetfsl with 
coaling or printing with viscos(', whether crudi', neuti’alized or puri¬ 
fied, have been due to the pre.senee of salts, which have contannnaled 
lh(' fiidshed ])roduc1s. The zinc comiiouiid of viscose is insoluble in 
water and may b(' washed Irec from sa.lts, but, hitherto it, has always 
been necessary to u.sc an ('.xctiss ot alkali to bring i'u into solution 
again, with the result that the same ditticulty has iiresented itself 
again, .\ceording to the, present invention, the eom]iound of eellulo.se 
xanlhogenate with zinc or other metal of the magnesium grouj), after 
washing, is very finely pulverized. In this condition it is ])ossible to 
dissolve, the compound merely wit.h the aid of a ijuanlity of alkali 
exactly e(|idvalent to the zinc or ot.her metal prescml.. The solution 
so obtained is neutral and contains no excess of saline impurities, 
so that the coatings oi' other films or designs pi'oduced may be 
finishe<l by drying alone. The.sc! films are apt to be brittle, but are 
made ela.stic by the use of soaps or of sulphoh'ic or other su!])h()n- 
ated fatty acids or their salts, in conjunction with the coating 
medium, in (juaiUities not less than 20';,' of the cellulose jiresent. 

Fixing Viscose on Textiles. 'I’he coating of f.-ibries with a com¬ 
bination of rubber and viscose'' iidvocated in bSOti, so far as has becTi 

1. In this ciinnccticrti sec R, Nnolting, Chem. Ztg., 1‘.»0'2, 2(i, 2t)S; ft Kui'z, 

Zoit, Farli. Tcxt-Cliem,, I, 4(1; F. Ka,yscr, Jliid,, 1002, I, For vi.sco.se as 

a mordant,, see Fielding, F.I*. ‘JitittS, ItfOl 

2. L. Lilicnfcid, F.l>. irsiOfi, U.S.I>. <»(i()l()0, I'tlO. 

d Process of F. H. rtinitli and (t Macintosh & Co., F.P. 2()fi0'), ISttii. In I,lie 
method of C, VVolicr and Cairns, F.P. ,'>0, PtOI; D.li.P. Ktsr.ll, 1(101, a coating 
material is prepared of india-nihher compounded witli viscose by forming the 
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ascertained, has not reaclied any consideralde iinpnrt.ance. As a 
fiiiisli for fabrics, A. I’icldinfi; fakes cellulose whudi has already been 
dyed, siudi as dainaf!:ed goods, tag ends, or waste pieces of cloth. If 
the dyestuffs .are fast to alkalis, the coloi’ed viscose thus produced is 
ein]iloy(sl as a coloring and lilling matter, for finishing already dyed 
fabrics or yarn. The finishing or filling process may be carried out 
by i)adding oi' mangling, and then quickly diving the goods by j)a,ssing 
through a heated chamber and thi'ough an aging bo.v carrying a 
steam ])ressure of .about b lbs., or a stenter oi’ steam cylinder and an 
aging bo.v may be employed. In this manner the use of a brine V.atli 
for fixing viscose is doin' away with.' The vi.scose thus fixed can be 
used as a mordant foi- aniline and other classes of colors, and also as a 
decomposing and fi.ving agent for mordants, such as metallic salts, 
emjdoyed in dyeing, with various dyewoods and ali/.ariu. The goods 
are finally washed and dried. 

Leather cloth may be treated so as to render permanent embossed 
eflects.- This is done by treating the cloth with viscose solution 
either Ix'fore or aftc'r, or both, the embossing operation, and sub¬ 
sequently fixing the viscose (this exjiression always has to do with 
the change of viscose into cellulose) by steaming or aging. The 
process varies slightly, deiK'iideut upon the nature' and wi'iglit of the 
cloth treated. In some' cases the heat of the embossing rollers is 
sufllcient to fix the viscose, and where iilate embossers are used, this 
is usu.alh .so. 

In the manufacture of artificial leather aiqdicable for boobs, shoes, 
belts, gaitei's, uidiolstery, etc., a fabi'ic,'^ pre-ferably of cotton woven 
in singie or double taffeta, and twilled in any desiri'd way, constitutes 
the basis of the artificial leather, ami is preferably dres.si'd or felted 
on both sides. A solution of xanthate of cellulose is pi’cpared by soak¬ 
ing rags or cotton waste in a solution of caustic soda, and adiling 
I’arbon bisulphide. To this solution linseed oil, castor oil, or soa]i 
may bo added, and the fabric is then impri'gnated with it in rtjciio, 
or the fabric may be heated on a steam-heated plate or drum, and 

latter into a pla.stic, emulsion by roliitid witli .a hyilrocarl'on, tilown fatly oil, 
cbolesirol, or .a soft ii'sin as poniianae. q'ho viscose is cither diluted with water 
and added directly to the mixtore of iadia-riibis'i', and worked wet with finely 
rroioid zinc sulplial<’, or lh(‘ vi.scose is allowed to gelatinize and then grouixl together 
with the india-nil'bor. See also U. Wt'Uu', (him. Ztg., IStltl, 14, 411; Zidt, aiig. 
t'hcm., 18(1(1, 12, .I; J. WolIT, Ucv. d. chim, Ind., ISilti, p. 2,11; (lum. Ztg., 18(17, 
12, 11)1; Itltl.'i, 2i), 2s:i; Tex-t,. Mfr., ItlO;!. 29, 2,S;i; Lcip. Farb. Ztg., IIIO,), .14, 402. 

1. Ibb.I’. 7087()1, 1002; E.l’. 20:!0(), 1001. The alkali in tlic vi.scose is wholly 
or partially neutralized by mean.s of aqueous |)ota.s.sium bisuli>liitp. 

2. A. ibcliling, El’. 0840, 1008; see 0. Witt and A. Buntroek, Ding, poly., 
180,1, 2!)fl. 2;i:i; Osterr. Woblen ii. fwinen Inib, 1,800, p. 1], 

3. L. tlcvaerl-Nacrt, E.P. 172.13, lO(M); D.K.J’. 127422, 1900. 
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inimcrscd in the pokl collulose t^ohiticm. The iinpTcgnatcd fabric 
may be dried, stretched, and washed, or it only partly dried, the <^el- 
Inloso may be fixed by passing the fabri(' through a hot concontrated 
solution of sea-sail, or by ])laeing it in a chamber through which 
steam is allowed to pass, h'or the xanthatc of cellulose may be sub- 
stiUited a solution of cellulose in cuprammoniuni chloride or zinc^ 
chloride. I’he washed ii'aterial is now impregnated with weak 
solutions of gutta-\)ercha or india-rubber dissolved in benzine or car¬ 
bon bisulphide. D.animar or other gum may be added to this solu¬ 
tion. The process niay be carried out. by impregnating the fabric with 
either the cellulose solution or the solution of rubber, etc., alone. The 
artificial leather is finisheil by means of rollers,oritmay be varnished. 

To obtain silky effects ^ materials which possess suitable, surfaces, 
such as textile fabrics and juiper, are ti'eated with an emulsion of some 
waxy, fatty or resinous substance and difed. T’he surface is then 
coated with a solution of cellulose obtained front viscose, which may 
or may not. contain jtigment in suspension, the material Ix'ing finally 
submitted to pressure of an engraved roller, the finish obtained being 
Itractically wat('r-resistant. It is also claimed to be unalTected by 
such gums and pastes as art' used in bookbinding. 

In .1. iSackville’s ])roce,ss for inuiiufactnring book-cloth and leather 
cloth,- and other similar materials upon wliich filling and coloring 
matter are aitplied by a jiadding machine, viscose is first bleached by 
sodium bisul))hite or calcium bisulphite. A solution of about 10 
parts bleached viscose to 100 of w'ater is ijrepared, f.o which is added 
zinc oxide, china clay and other similar minerals used in padding 
in quantity according to the amo\mt of jjadding to be done, the whole 
being thoroughly mixed before using. The mixture is ])added ont.y 
the cloth by means of any suitable ma<-hine, applying a final coating 
of viscose to fix the surplus color, if necessary, after which tlu^ ])added 
fabric is run through a steaming box, oi' through a bath of warm 
acetic acid, washing w'ith water if nece.ssary, and finally drying. 

In the process of J. Ashwell ■* yarn is l.reated in the moist condition 
with lo-27% caustic soda solution, shaken out atid stretched, at the 
same time exposing the yam to carbon bisulphid(; va])or at' 
until the yarn is superficially xanthated. It is tlum dried, boiled 
in brine or tllauber salt solution, to change the cellulo.se xanthate 
into cellulose, being finally wxashed and di’ied. 

1 Oldroyd and Blakeley, First, Addition dated April 24, 11)07, to F.P. H.I.d.SH.r), 
100.41 J.S.(;.I., 1004, 23, 17. 

2. U.S.1’. 724(illi, 1004. . . , . , 

4 E P. 10012, 1001, the process <jf IT. Akyroyd and P. Krais (Bclg. P. 14(108.'), 
ISOO- LT.S.P. (157810, 1000; (them. Ztg., 1000, 24, 748, 840) is very similar. 
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J. Svibrpnnt' f^lossps tho l.lirriuls by mpfhanical means, which 
have previously boen liuprefjnatod with cellulose xanthate, and in 
decomposing the xanthate, a cellulose hydrate becomes precipitated 
in the interstices of the filaments. 

Starch Xanthate. The difllcuHy at first experienced in attempt¬ 
ing to prej)ai'e xanihic esters of standi similar to those obtained from 
cellulose, w('re apparently otdy mechanical, and due, to iinperf(‘ct 
contact bidween the standi and reagents. C. Cross, E. Ilevan and 
.1, llriggs- found lluit, this ililliculty could be overcome bj* first saturat¬ 
ing the dry jiowdered starch with carbon bisulphide ;uid then stirring 
into the mixture the nec(ssar}’ (piantity of 20f,', NaOll, whyn a homo¬ 
geneous emulsion of idl the I'eagents is obtained, the starch being 
com])l(dely transfornu'd. .At tin' comphdinn of the reaction the 
product is distended in water, a viscous suspension of sodium-starch- 
xanthate being formed.'* This method of formation has been jiatented.'* 

Cellulose Nitrites. H\’ tri'ating viscose-silk with nitrons gases, 
in the presence of nitric acid (sp. gr. about I..')), I’. .N’icolardot and G. 
Cheidier have found’' that a mixture of nitrous and nitric esters of 
cellulose is produced, from which the former may be separated by 
means of acetone, in which tliey are insoluble. The nitrites of cellu- 
lo,se, thus ohtained, are generally gray in color, gelatinous when moist 
and very brittle when dried; they are insoluble in water, alcohol, 
ether, acetone, chloioforni, and ethyl acetate. They lose nitrogen to 
an ai)precia.ble extent at the ordinary temjierature, and more (piickly 
on heating, giving yellow, friable, and extremely acid products. 
Water effects hydrolysis, slowly at the ordinary temperature and coiii- 
])letely after twelve hours boiling, and the same occurs in the cold 
with sulphuric, nitric, and hydrochloric acids, though acetic, acid 
attacks these esters only partially at about d0°; methyl, ethyl, etc., 

1 T'P .T’SITO, HI02: atisl. Zeit. Farl). Tcxt-lnil., lilOI, .“I, 113. For critical 
ri'vii'A' of tliis process .see Zoit. Farli. Tcxt-lml., Hint, tt, Fit. 

2 1007, iti, (il2. 

3. It is partially soliililc in colil water, rx'acts with ioilino in a .similar manner 
to cellulose xantliale, underaoe.s iivdntysis in apueous solution, no starcli lining 
il('tected during this “spontaneous'' reversion. It is accompanied, as in the cel- 
lulos(* reiwiion. Fy tlie iiK'vituhfe yellow hy-products, chiefly trisulpliocarlionate. 
The purified proiliict may lie olilaiiied liy tnaling with dchyilrating agents, sucli 
as alcohol. On adding acetic acid tlie liy-products are decomposeil, the .sodium- 
starcli-xanthale resisting the action of the aciil as with tile corresponding cellulose 
compound. 

4 . Fro.ss and Briggs, E.F, 20tl3.S, lOnti. E. Kiir (D.R.P. 217237, lOOS) einploy.s 
the staicli zanthate [iroduced according to F.P. 370,'iO.'), in aqueous solution as a 
solvent for sulpliine dyes sucli a-s imtuedial, thional, tliiogen, katigen, pyrrole 
dyes to form thick .solutions applicalile in dyeing, marbling, and printing. Tlie 
xanthogen e.sters di.ssolve sulpliur dyes, partly in tlie cold but better on lioating, 
many lieing reduced. Further particulars are specifietl. 

5. C.R., 1010, l.'il, 710. 
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filcohola arc oxidized by tlicm to aldehydes and even iicida. Nitrous 
esters are liable to oeoir, under certain conditions in nitrocelluloses 
prepared from cotton, and cause ra])id deterioration; when they are 
present, lower results are obtained in the determination of nitrogen 
with the nitrometer than by Schloesing’s method, because the nitrites 
arc at once decomposed by sulyliuric acid. 

Quantitative Determinations. Due i)rimarily to the researches 
of Dross and Bcvaii, tlie following quantitative processes have been 
indicated, and may be applied with a fair degree of accui'acy: 

(1) CclhiloKC may be determined by (a) eva]iorating a known 
amount in a ]>latimnn dish, foiming cellulose by boiling water in the 
dish, whi(di at tlie same time extracts the alkali salts ])res('nt, decant¬ 
ing the water, (‘vaporating to dryness in the water-bath and W(ughing. 
Or {b) a known weight of viscose (about 10 gm.) is slowly poured into 
2r)0 cc. boiling water with con.stant stiri’ing, the cellulose fdtered off 
and dried to constant weight. This is a more rapid nnhhod than (n) 
and thu largi* vohnne of water used insures complete elimination of 
alkali, soluble suljihides, etc. 

(2) ToUd AlkiiH is estimated by any of the usual titration proc¬ 
esses, and the by-products in terms of suli)!iides, poly-sul]jliides or 
sulpliocarbonates, by the standard methods.' 

(3) Cdhdnw Xmdhic Arid is not. atta(died by the monocarlioxylic 
acids, as acetic, and its salts are not decomposed by acetic acid. Upon 
this observation may bo based a method of determining the xanthate 
cellulose and soda from the by-products, which are s.-ilts of carbonic 
and Bulphocarbonic acids, k'or the, determination of soda in com¬ 
bination with by-products only, an excess of a known strength of 
acetic acid is added to a weighed ([uantity of visco.se, and the excess 
of acidity titrated back with standanl alkali. To another weighed 

1. According to Uroas and Bevan, " Text Book of Paper M.aking,” 1(107, 28, 
“analyses of viscose liavo sliown tliat, whereas tlic proporlion.s of tlic original 
reactina groups are: 

C,oH60s-2NaOII-US, 

and represent the minimum quantities of the reaf'ent-.s brought into contact with 
th(^ cellulose to determine a full conversion of the latter into a water-soluble prexi- 
uct, the xantlinte obbiined is subject to a progressive decomposition or dissociation, 
and in solution passes through the following stages: 

“ (n) thII„0,0CSS.Na,—characteristic of viscose twelve to twenty-four hours 
after preparation; this passes continuously into 

‘ (b) Cj,H 3 B 0 |, 0 ('SSNa, which is insoluble in weak saline solutions and thenifore 
rcpre.sents the condition of the xanthate in the viscose, which has coagulated and 
set spontaneously. Xanthates mote advanced in the dissociation scries arc insoluble 
even in pure water, but .soluble in solutions of the alkaline hydrates. In addition, 
therefore, to the acidity due to the configuration XO.fSS, there are OH groups 
of the cellulose itself, of sufficiently pronounced acid function to combine with an 
alkaline group to such an extent tliat the physical proiiertics of the aggregate are 
modified.” 
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portion, an excess of standard sulphuric acid is added and warmed 
to about 65°, when the excess of acid is titrated back with standard 
alkali as before. The alkali obtained from la.st titration indicates the 
total alkali present, while the first subtracted from the second repre¬ 
sents the ‘'xanthate soda,” or the alkali in combination as xanthate 
with the cellulose. ^ 

After acidification with acetic acid, the xanthate being then unaf¬ 
fected, may be estimated by titration with standard iodine solution, 
the reac^tion taking place according to the following equation; 




the last compound shown being a cellulose dioxythiocarbonate. The 
difference in amount of iodine absorbed in oxidizing the decomposed 
by-products subtracted from the tot.al iodine destroyed, is a measure 
of the cellulose xanthate originally present in the undccomposed 
state. This quantity is determined by a parallel experiment, as 
with the estimation of various combin.ations of alkali, and carried 
out under identical conditions, except that the acetic acid is replaced 
by sulphuric, acid in excess. 
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DENATURKD ETHYL ALCOHOL 

The following Union, Regulations and Inst.i'uetions for 1,ho use of 
Denatured Alcohol arc taken from Ri'gidutions No. 30, I'niti'd Slates 
Internal Revenue, July 15, 1007, and Supplement No. I thereto, June 
3, 1908. The following extracts contain only information concern¬ 
ing the solvents directly concerned with the previously descrihed 
industries of the cellulose nitrates, and are placed in one volume, 
it is believed, for the first time. All the accepted denaturant formulas 
to Feb. 15, 1010, arc- also included. The sections and numbers J'efer 
to the official regidations, and used in correspomh'ius'with the Int('rn.‘il 
Revenue Department, stu'vi' for purposes of i<lentific;ition of subject 
matter. 

Part 1. —Sec. 13. Not less than one hundred wine gallons of alcohol 
can be witlulrawm or removed at one time for denatming pui'posi's. 

Denaturing Agents—Completely Denatured Alcohol. Sk( . 20. 
Unless otherwise provided, alcohol to be known as completely denat.ui’cd 
alcohol will be denatured under either of tin' following formulas: 
(1) To ev('ry 100 ]iarts Iry volimii' of ethyl alcohol ()f the ilesired 
proof (not le,ss than 180°) there shall be added 10 parts by volume 
of approved methyl alcohol and one-half of 1 i)arl by volume of a|)i>roved 
benr.ine; for example, to every 100 gal. of ethyl alcohol (of not less 
than 180° proof) there shall be addl'd 10 gal. of a})proved methyl 
alcohol and J gal. of approved be'nzine. (2) To every 100 parts by 
volume of ethyl alcohol of the desired jjroof (not less than 180°) there 
shall be added 2 parts by volume of ai)i)roved methyl alcohol and 
one-half of one part volume of approved pyridin ba.ses; for example, 
to every 100 gal. of ethyl alcohol (of not less than 180° proof) there 
shall be added 2 gal. of approved methyl alcohol and .J gal. of approved 
))yridin bases. Alcohol thus denatured shall be classed as conijiletely 
denatured alcohol. 

Methyl alcohol, benzine, and pyridin intended for use as denatur- 
ants must be submitted for chemical test and must conform to the 
following specifications: 
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Methyl Alcohol. The methyl ulcohol submitt(!(l must be par¬ 
tially purified wood alcohol obtained by the destructive distillation 
of wood. It must conform to the following analytical rcqulrement.s: 

1. Color. This shall not be darker than that produced by a freshly 
prejian'd solution of 2 cc^, of N/10 iodine diluted to 1,000 cc. with dis¬ 
tilled water. 

2. Specific Griipilj/. It must have a specific gravity of not more 
than O.SdO at 00° 1'. (1.5..50° 0,), corresponding to 91° of Tralles’ .scah^ 

3. BoiUri'j-point. One hundred cc. .slowly heateil in a flask under 
conditions as described l)elow must give a distillate of not le.ss than 
90 cc. at a tempcu'ature not e.'cce('ding 7.5° C. at the normal pressure 
of the barometer (700 inm.). 

One hundred cc. of wood spirit are run into a short-nocked cop¬ 
per flask of a))out ISO-200 cc. ca[)acity and the (lask placed on an 
asbestos plate having a circular op('ning of 30 min. diameter. In 
tlie ni'ck of this flask is fitted a fi'actionating tube 12 mm. wide and 
170 min. long, witli a bull) Just 1 cm. below the side tube, which is 
connected with a laebig’s condenser having a wati'r jacket not less 
than -too mm. long. In the ujiper o])(‘ning of the fractionating tube 
is ])laced a standardized thermometer, so adjusted that its iniu'ciiry 
bulb conies in the center of the bulb, fl’ln' distillation is conducted 
in such a manner that .5 cc. pass over in one minute. The distillate 
is inn into a graduated cylinder, and nhen the temperature of 75° 
(1. has bi'cn reachi'd at. the normal barometric pressure of 700 mm. 
at least. 90 cc. shall have bee n collected. 

Should the barometer vary from 701) mm. during the distillation, 
1° ('. shall be allowed for every variation of 30 mm. For example, 
at 770 mm. tIO cc. .should have' distilled at 75.3° ()., and at 7.50 mni. 
90 cc. should have distilled at 71.7° (h 

I, 17i>c//))7i7// u'iih IFotc)'. It must give a clear or only slightly 
ojtah scent solution when mi.xed with twice its volume of water. 

5. -Icc/oa.c ConUni. It must contiun not more than 2.5 or le.ss than 
J.5 gm. [K'r 100 cc. of acetone' and other substances estimated as 
acet.one when testeil by the following mi'thod (Messinger): 

One cc. of a. mixture of 10 cc. wood alcohol with 90 cc. of water 
is treated with 10 cc. of double normal soda solution. Then 50 cc. 
of N/10 iodine solution are added while shaking, and the mixture 
made ai'id with dilute sul))hnric acid three minutes after the addition 
of the iodine. The excess of iodine is titrated back with N/10 sodium 
thiosulph.ate solution, using a few drops of starch solution for an 
indicator. From 15.5 to 25.8 cc. of N/10 iodine solution should be 
used by the spirit. 
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The solution should be kept iit a temperature iietwcen 15° and 20° C. 
Calculation: X ={;rams of acetone in 100 cc. of spirit; 

Y =number of cc. of N/10 iodine solution required; 
A^=volunie of spirit taken for titration. 


Then, 


Z = 7 X 0.006672 

■ 


6. Esters. It should contain not more than 5 gm. of esters per 
100 cc. of spirit, calculated as methyl acetate and determined as 
follow.s: 

Five cc. of woo<t spirit are run into a flask and 10 cc. noriiial 
sodium hydroxide fr('e from carbonati's are added, and the fla.sk con¬ 
nected with a return coiuk'ii.ser and IxnUxl for two hours. Instead 
of digesting at boiling temperature the flasks may be allowed to stand 
overnight at room temperature and then heated on a steam bath for 
tlurly minutes with an ordimiiy tulx^ coiulenser. The liquid after 
digestion is cooled and titrated with normal sulphui'ic acid, using 
phenolphthalein as an indicator. 


Methyl acetate, — 1 .074Xce. of N/ soda required X100 

grains per 100 cc. of spirit J ce. spirit taken. 


7. Bromine Almrpiion. It must laintain a sufficient quantity of 
imjiurities derived from the wood so that not more than 25 cc. or 
li'ss than 15 cc. shall be napiired to decolorize a standard solution 
containing .5 gm. of bromine, as follows: 

The standard bromine solution is made by di.s.solving 12.106 gm. 
of potassium bromide and 3.481 gm. of potassium bromate (wliicli 
is of tested purity and has been dried for two hours at 100° C.) in a 
liter of water. Fifty cc. of the standard solution containing .5 gm. 
of bromine are placetl in a glass-stoppered flask having a cainicity 
of about 200 cc. This is acidiffed by the addition of 10 cc. of diluted 
sulphuric acid (1 to 4), and the whole shaken and dllowed to stand 
a fc;w minutes. The wood alcohol is then allowed to flow slowly 
into the mixture, drop by drop, from a burette until the color is entirely 
discharged. The temperature of the mixture, shoukl be 20° C. 

In addition to the above requirements the methyl alcohol must be 
of such a character as to render the ethyl alcohol with which it is 
mixed unfit for use as a beverage. 

Benzine. The benzine submitted for approval must be a hydro¬ 
carbon product derived either from petroleum or coal-tar. If derived 
from petroleum, it must have a sp.gr. of not less than .800. If derived 
from coal-tar, it must have a boiling point of not less than 150° C. or 
more than 200° 0. 
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It must be of such oliaraeter us to impart a deeidcil odor to ethyl 
alcohol when mixed with it in the proportion of one-half of one part 
by volume. 

Pyridin Bases. 1. Color. The liquid must meet the same require¬ 
ments as to color that are imposed upon wood alcohol. 

2. livariion mlh Cadmium Chloriile. Ten ce. of a .solution of 1 
ce. of pyridin bases in 100 c-c. of water are tri^ated with 5 cc. of a 

j water solution of anhydrous fused eadinium chloride, and th(! 
mixture vigorously shaken. Within ten minutes an abundant crys¬ 
talline separation should tak(' place. 

2a. Behavior with Ncndcr’.'i lieijearU. With 5 cc. of Nessler’s nv 
agent, to 10 c<'. of the same solution of pyridin ba.ses must give a while 
preci])itate. 

0. Boiliug-point. When 100 cc. ar(^ subjected to the determina¬ 
tion of tiu! boiling point in the same manner as ])reserib(!d for wood 
alcohol, at least 50 cc. must distill at 110° C. ami at liiast 00 cc. at 
100° C. 

•1. MiiirihUUn u'ilh WaUr. Th(' samt' rofiuirements must be met as 
are iju])()sed upon wood alcohol. (8('e abov('.) 

5. Vatdrnl of Water. When 20 cc. of ])yridin bitses an' shaken 
with 20 cc. of a .solution of caustic soila, with a .s])ecifi(r gravity of 
1.100, and the mixture allowed to stand for some tiin<', at least LS.5 
ec. of the pyridin ba.ses must separate from tlu' solution. 

0. .Mkaliiiitii. One ee. of pyridin biuses dksolved in 10 ce. of 
water are titrated with normal sul))hnric iicid until a drop of the 
mixture piai’ed upon Oongo paper shows a distinct blue border which 
■soon disapptairs. It niii.st r('<|uire not k'ss than 0.5 ce, of the acid 
solution to jiroduee the reaction. 

'I'lie (tongo paper is ])repared by treating filtc'r p.aper with a solu- 
lion of 1 gm. of (’.ongo red in 1 1. of water, and drying it. 

Denaturants Deposited in Warehouse. Sec. 27. As the dis¬ 
tiller’s business demands, he may bring into the denaturing bondcxl 
warehouse, in such receptacles ius ho may wish, any authorized dena- 
lurant. Such denalurants shall at once be deposited in the material 
room; thttreaftcr they slndl be in thi' custody and under the control 
of the olHc(a’ in (charge of the warehouse. Ilefore any denaturant 
is used, cxoc'pl such denaturants as can remain in original packag<'s, 
it must be dumped into the appro|)riate tank and the contents thor¬ 
oughly mixed. In c.a.s(' of all denaturants submitted a sample of 
1 pint, must be taken from the t.aidt or jiackage, and this sample imist 
be forwarded to the proper offic;'!' for analysis. The officer will then 
secni-ely close and seal the tfink or package, and no part of the con- 
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tunts of Siinu' p.an be used until the sample has bi'eii officially tested 
and approved, and rejwrt of such test made to the offica^r in charge 
of the warehouse*. 

If the .sample is approved the contents of llie tank or package shall, 
upon the receiiit of the I'cport, become an approved dc'uaturaiit, and 
the officer shall at once^ remove; the seals and place tlu; tank or j)a(;kago 
under (lovernment locks. 

If the .sample does not meet the rotpiii'(!ments of tin; speedficaitions, 
the officer shall, upon recc'ipt of the report of non-approval, permit 
th(! distiller, provided he desires, to treat or manipulate tlu; proposed 
denaturant .so as to render it a compet('ut denaturanl. In such ca.se 
another sample must be submitted for approval. If the distiller 
does not desire to further treat the denatur.ant, the officer .shall re(pure 
him immediately to remove the c(>ntents of tlu' tank or package from 
th(; jiremises. 

Manner of Handling and Testing Samples of Denaturants. 

Sue. 2S. When the distiller at an\' detiaturing bonded warehouse has 
dumped into tiny niat.erial tank a (piantily of a proposes! denatii- 
raiit as hereinbefore provideil, the officer shall ilraw a sample from 
said tank. A hi'iivy glass bottle, which must be provideil by tin* dis¬ 
tiller, shall be used as a container for said saniide. The botth; inu.st 
be securely closed and .setdc'd, and a label affi\ed thereto, .showing the 
serial number of the tlenatui'ing material tank from which the .sample 
was taken, t!i<; dat(' it was drawn from the tank, and the minio of the 
officer sending it. 

The sample shall be securely packed, and sent, by cNpi'e.ss to the 
most conveiiieiit laboratory for test. .Ml ('.\penses in connection with 
the forwarding of samples must be borne by the distiller. 

.\s .soon as practicable the Tiecessajy tests of tlu; sam|)le shall be 
made in t he laboratory and report madi; of its character. 

One copy of the report should be sent to the collector of internal 
revenue of the di.strict, and the other should lx; s(;nt to the odicer in 
charge of the denaturing bonded warehouse. 

How Denatured Alcohol Shall be Gauged. Sice. 12. The 
ganging of denatured alcohol shall be by weight. In the ca.se of 
jiackagcs the officer shall a.scertaiii the tare by actually weighing 
each package when empty. Then, after each package has been filled 
in his presence, he .shall ascertain the gross weight, and, by aiipj^ying 
the tare, the net weight. 

He shall then ascertain the proof in the usual manner, and by 
applying the jiroof to the wine gallons contents the jiroof gallons 
shall be ascertained. 
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The specific gravity of alcohol of a given proof denatured under 
either of the formulas for comphitc dcnatui'ation, or under any of 
the several special formulas authoriziul to date is approximately the 
same as that of ethyl alcohol of like proof. In gauging denatured 
alcohol therefore officers will use the tables in the gauger’s weighing 
manual prescribed for use in gauging distilled spirits. 

The n'gulalions relating to the; gauging of rectified spirits, so far 
as the}' ej)ply to apparent proof and apparent pi-oof gallons, shall 
apply to denatured spirits. 

If, however, for any reason it should be impracticable to gauge 
denatured alcohol by vveight, it may be, gauged by rod. 

Part II.—Survey of Distilleries. Sue. 0. Under section 4 of the 
act of March 2, 1907, spirits for dc-naturation only can be produced at 
distilleries of the capacity stated in said section from anything con¬ 
taining fermentable matter which upon being iiroiicrly f('rm('nted will 
develop alcohol. 'I'here is no limit fixed as to the kind of material 
I hilt can be u.scd. The capacity of industrial distilleries will be, deter¬ 
mined from the capacity for distilhition, and in fixing the capacity 
of each distillery the same will bi' done with ri-fen'iice t,o the kind 
and condition of nniterial to be used and th(' method of distillation. 
The spii'it-producing capacity of cindi ilistillcry will Ije based on the 
maximum iiuantily of spirits that can be produced in twenty-four 
hours from the material containing the largest per centum of spirit- 
X'iehliug matti'r it is pi’oiioscd to use thi'i'eat, it bi'ing tassumed, for 
the purpose of fixing the capacity, that all of tlie stills will be operated 
continuously duiing said period. For i^xamplc, if it is the purpose 
of the distiller to u.se corn, jxitatoes, and fruit in the sha|)e of pomace, 
in the manufactm-e of alcohol, corn containing the largest per (amt 
of s|)irit-vielding matter, and the sweed-mash process being th(( proc¬ 
ess whereby the largest per ceid, of ahadiol from a given quantity 
of CO .11 is dcveloixal, the capacity of the dLstillcry will be based upon 
the maximum (piantity of spirits that the .stills it is iiroposcd to use 
can prodma’ iu twenty-four hours from corn-meal ma.sh fermented 
under the sweet-mash process. 

Sue. 7. In asemdaining the capacity of the .still or stills usial in a 
distillery it will be maa'...sary, first, to asta'ilain the cubic landents of 
ea.cb still and naluce the same to gallons. This may be done by 
actual measurement, i.c., by filling with water and drawing olf in 
scaled nu-asures, or it may be done by any of the approvial m('thod.s 
of determining capacity of stills. Second. It will be nece.ssary to 
dcterniino the number of boilings that can be made iu the still 
in twenty-four hours of the several materials to be u.sed, the 
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time re(]uired for filling or emptying the still being taken into 
account. 

In determining the eii])aeity of the still, boiling space must be 
allowed which observation ha.s .shown will ordinai'ily not exceed 10% 
of the cubic capacity of the still; freeiuontly a miudi le.ss per cent is 
sufficient. The (iiiie J-equireil for making a boiling will depend upon 
whether furnace or steam hisat is used. 

Sk('. cS. The proof of alcohol manufactured for denaturation will 
not in any event be less than 150°. Tlu'i'efore it will j)robably in 
many cases lx- necessary to I'edistill or double the spii'its. At some 
distilleries it may be necessary to la'distill tin' second time. Foi’ 
the jjurpose of doubling, a .second stilt may Ix' )>r()vided, or if a dis¬ 
tiller desires he may use the same still or stills used in di.stilling I'aw 
material. If a double or high-wine still is used it must hi; considered 
in arriving at the capacity of the distillery, the .same as other stills. 
The time necessary for doubling and tht; boiling si)ace necessary to 
be so used nitist be determined and deductcal from the gross capacity 
for distillation of the distilleiy. 

Skc. !J. The following are the factors in determining the ctipacity 
of a distillery, to wit: 'I'he mimbc'r of stills, the gross g.allons capacity 
of each, the net ca|)acity of each after deducting the boilitig space, the 
number of boilings that cati be made in twenty-four hours, the |)er- 
centage of the whole boiling space necessary to b(' idlowed for doubling, 
and the kind and condition of material it is projxjscd to use. The time 
reijuircd for making ii boiling when the s('veral varieties of material 
arc used wall probably'not vary materiallj—-that is to .say, it will 
require sis long to distill the low wine from a still filled with fruit pomace 
as it will to distill a filling of beer made from corn or jxitatocs. The 
capacity of a distillery will in each particidar case depend upon 
the alcoholic strength of the matcJ'ial it is irroposed to distill, and the 
alcoholic strength of each variety of material will deix-nd on the matmer 
or method of fermentation. 

In i)raclicc, it has been found that where grain is nnushed and fer¬ 
mented under the .sweet-nuush proe('ss it is necessary to add s\iffici('nt 
water to bring the resulting quantity of beer to something like 45 
wine gallons to the bushel. A bushel of grain contains aiiproxi- 
matcly 2.375 gal. of absolute alcohol, horty-fivc gal. of Ix'cr, repre¬ 
senting a bushel of grain mashed and fermented under the sweet- 
mash jn-ocess, would con.sist therefore of a litths over 5^' ,', of 
alcohol. 

At distilleries where it is proposed to use grain, and the same is 
the greatest spirit-yielding material used, the spirit-producing capac- 
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ity of the distillery would bo of the ^ross eubie contents 

capacity of all of the stills less tluj pcir cent allowed for boiling space, 
multiplied by the number of boilings that cun be made in twenty-four 
hours loss allowance for doubling. 

The fermentable matter in fruit is much less than that in grain, it 
ranging from IS-dO'/J., whih: th(^ fermentable matter in grain ranges 
fi'om 70-S5';, but in the process of fermentation it is iw^cessary to 
add much mori' water to grain than to fruit; hence the alcoholic 
strengtii of fruit matei’ial I'cady for distillation, volume for volume, 
is often in exca'ss of that of b(U‘r produced from grain. Fruit pomace, 
after being sufficiently diluted for distilling purpose.s, usually contains 
a smaller jicr cent, of alcohol than beer from grain, but the pure undiluted 
fermented juice from frifit always contains a larger iiercentage of 
alcohol than beer made from grain. Hence when a distiller jiroposcs 
to use eider, wine, or other fermented fruit juices, the capacity of the 
distillery should be liased on the fermented fruit juice riclu'st. in alcohol 
to be u.sed. drapes contain the largi'st pm' cent of fermentable matter, 
and when it is proposed to tise wine from grapes the capacity of the 
distillery should be based upon the. (|uantity of alcohol from wine 
that can be jiroduci'd thereat in twenty-four hours. 

Distilleries to be Divided into Two Classes. Sec. ;1(). Indus¬ 
trial distilleries shall be divided into two classes, 'fhose of a daily 
siiirit-producing capacity of oO i)roof gallons or less shall ('(.institute the 
first class, and those of a daily s])irit-produc.ing caiiacity of mure than 
oO and not more than 100 proof gallons shall con.st.itute the second 
class. 

Kind of Spirits that Can be Manufactured. Sec. 3.S. There 
cannot be manufactured at industrial distilleries any spirits except 
sucli as can under the law and rcgidations be denatured; that is to 
say, tliere cannot be manufactured at these distillm'ies alcohol of les.s 
'than l.S0° proof or rum of less than iri0° proof. 

Denaturing Material to be Tested and Handled Same as at 
Denaturing Bonded Warehouses. Sec. 10. Denaturing material shall 
be received and handled in the same manner as it is received and han¬ 
dled at regular demituring bonded warehouses. Samples .shall be 
taken and forwarded to the nearest laboratory and tested in the same 
manner as sueli samples are taken juid testi'd in ease of regular denatur¬ 
ing bonded wareliouses. In the ease of denaturants reei'ived from 
emitral or other denatui'ing bonded warehouses, and wbieli have 
been properly tested and duly authorized and handled as herein¬ 
before prescribed, a record must be provided and kept as required 
in section 22 hereof. 



1122 


NITROCELLULOSE INDUSTRY 


Part 111.—How Alcohol Must Be Weighed. Sec. 15. Tho fol¬ 
lowing instructions niusl b(^ followi'd by tin; officer gauging alcohol by 
means of weighing lank; 

He must satisfy himself that the; wc'ighing tank is empty. He 
must see that the scale is in [xrfect Iralance and that the stopcocks 
controlling the flow of spirits from the discharge pipes are stauindy 
fasb'ned and locku'd and that it is not possibh; for any .spirits to flow 
from the wcigliing tank. Then ho may unfasten the lo(;k .secui’ing 
the stopcock controlling the ffow of s])irit.s from the cistc'rn, storage; 
or mixing tank, as tho case may be, and iiormit the s]}irit,s to flow 
from tin; tank or cistcni to the weighing taidc. When tin* W(;ighiiig 
tank is full, or the quantity of spii'its desired to be gauged has b(;cn 
drawn off into said tank, then the cock con1 rolling the flow of spiril.s 
from the cistern or tank, as the case may be, must be {'lo.sed and locked. 
Then all connection,s between the wa'ighing tank and the tank or cis¬ 
tern from which the weighing tank was fdle(l mu.st be bi'oken, and 
the officer must be canfful to .scs' that all pipe conin'clions between 
the weighing tank and other tanks ai’c broken .so that tin' wc-ighing 
taid< .sw'ings clear and tho exact weight can be j'egistered on the 
sciile. Tlu; weight of the spirits must then be ascertained, and they 
must at once be nunoved to the storage tank, mi.xing tank, or otlan' 
tank or taidc car for tran.sporlation, .as fhe ca.se may be, by making 
the connection.s with the proper dischiirge pijK' tunl unlocking the 
cock controlling the flow of s[)irits through such di,schiirgc' [tipe. 

The officer gauging tin' spirits must tak(' the proof of each filling 
of sjhrits gauged. Before taking tin; proof he must w;ait until the 
entire quantity to bo gauged is ready to be weighed and must .see that 
tho .s})irits arc thoroughly mixed .so that the alcohol tested is a re])re- 
sentativo sample of the contents of the tank. 

How Gallon!! May be Determined. Sec, 10. To determiue 
the quantity in wdne and |)roof gallons of sjiirits in a given fdling of 
die weighing tank, the |)ounds as ascertained shall be reduced to 
gallons fiy ap|)lying the tabh's in the United .State's Internal Hevenue 
ilaugens’ Weighing Manual, 1900. Thi're are several methods that 
tnay be used, but it is believed that the method used in the follow- 
iig example is shortest: 

The weighing tank scale ;it a given filling shows the net weight of 
alcohol to be 29,51.5 If)., proof 190. Reduce to wine and j)roof gallons. 


215 Ib.-f 2,100 10.-127,000 10. = 20,315 10. 

'-Gullons-- 

Pounds. Wino J'roof. 

215 (page 61.3, Manual). = til ,03 00.00 

2,100 (;100 10. = 44.13 W. (). = 83.85 1*. (I.XT) (P. 014). = tlOS.'ll ,5,80.05 

>7,000 (3(K) 10.=44.I3 W. (i. = ,83.85 P. (I.XOXIO. tl,071.70 7,540.,50 
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Part V.—Completely Denatured Alcohol. Sec. 1, Alcohol dena¬ 
tured as jjrovidod in sc'clion 2C, Part I, of these Regulations is to 
cla.s.s(!d as rom-pleiely denatured idiofuA. Alcohol denatured in any other 
manner will be classed as upfridUy denatured alcohol. 

Denatured Alcohol Not to be Stored on Certain Premises, and 
Not to be Used for Certain Purposes. Sec. 2. Neither completely 
nor specially denatured alcohol shall b(! kept or stored on the premises 
of tlu' following classes of persons, to wit.: Dealers in wines, fermented 
li(inors or distilled s])irits, r(“ctifiers of .spirits, m.anufactiirers of and 
(k'alcrs in beverages of .any kind, manuLacturers of liquid medicinal 
])i'e]iarations, or distillers (except as to such denatured alcohol as is 
manufacfui'ed by themselves), manufacturers of vinegar by the vaporiz¬ 
ing ]n'oce,ss and the use of a still and mash, wort or wash, and jkm'sohs 
who, in the coui’se of business, have or ke('p distilled spirits, wines, 
or malt li<|UO''s or other beverages on their premises: I’rorided, 1’hat 
collectors of iidernal revenue are hei'eby authorized to issue to druggists 
or grocers ]icrmits to deal in denatured alcohol, or to use denatured 
alcohol in manufacturing proce.sses, as authoriz('d by law or regula¬ 
tions, without resti'ictions as to jdace of storage, where, upon careful 
iiKpiiry mad(', it shall satisfactorily apjrear that the a])])licant is entitled 
to the full conlidence of the ])e])artment and the sale of such beverage, 
si)irits, wines, oi' li(|uors is and will be incidcmtal only to the business 
cfirried on by tin' applicant, and that such wines or li<iuors are not 
drunk on tlu' jmnni.ses of the dealer, and proeiiled further, that dena¬ 
tured alcohol intended solely for fuel, light, or power, or for other 
(hjliK'stic jmiposes, nia\' be stored on the same premises with othi'r 
distilled s))irits, wines, or licpiors it ke])t in a room separate from 
that where such otln'r s])irits, wines, or licpairs are stored. \Vh('re 
five OI' more wine gallons of denatured alcohol an' ston'd on such 
premise.s at any one time the same must hi' kejit in a tank or room, 
securely locked; but the jirivilegi' lu're granted will in no cas(' ajiply 
t.o jiremises wlu're the business of rectifying, purifying, or compound¬ 
ing distilled spirits, wines, or Ihjuora is carried on. 

Denatured Alcohol Not to be Used as a Component Part of 
Beverages or Medicinal Preparations. Sec. 3. Denatured alcohol 
cannot lawfnlh' be used as a component part of any Ix'vi'ragc' or 
of any essence, llavoring I'xtract., pi'rfumi', or othi'r jiri'paration capa¬ 
ble of being used as a bevi'rage, nor can it be used as a component 
jiart of any medicinal jrrepar.ation; and anyone so using denatured 
alcohol or who sells any beverage or medicinal preparation in the 
manufacture of which denatured alcohol has been so used becomes 
subject to till' iienalt.ies prescribed in section 2 of the act of June 7, 
JiKM). 
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Permits Required. Sec. 4. Poraon.s wiahinp; to doal in com- 
plotoly (lonaturc'd alcoliol niiiat socurc pc'i-mits from tho oolloctor 
of intornal rc'vciuic of tho district in which tho businc.ss is to be car¬ 
ried on. 

Evciy pc'i'son who sells, or offers for .sale, denatured alcohol in 
quantities of fii'c ifidlons ov vittrc shall be classed as a 'ioholesolc d&xlev 
in denatured uletdiol. 

Every person who s('lls, or offers for .sale, denatured alcohol in 
quaiititit's of /e.s'.s' ihan fire (jatlauR shall be classed as a retail dealer 
in denatured ideidnd. 

Tlu same iierson may be both a wholesale and a retail dealer, Imt 
the retail and wliolesale businc.ss will be considered .separate, and 
pc'i'inits unisl Ix' secured for each. 

Colleelors are authorized to issue permits, in forms herein pro- 
seribe(l, upon aiiplieatiim duly made. Such permits are to be num¬ 
bered serially, in ttu' same manrii r in which speeial-tii.v stainijs are 
numbered, and ai'c to be on the forms lu'rein preaerilx'd. 

Permits in Force until Canceled. Sice. G. Appliimlions to 
(leal in denatured alcohol must be made to the collector of iiitern.al 
reveniK' of the district, in which it is proimsed to do business. 

In case a deali-r (h'.sires to diseontinui; dealinp: in denatured alcohol 
he will return his i)ermit to the collector, otlu-rwise Iht' ixwmit will 
remain in force continuously unless canceU'd under the provisions of 
the following .section. 

In case a dealer in denatured alcohol moves his place of business 
he must make application for the transfer of his permit to the place 
to which he moves. 

Consumer to Obtain Permit. Hkc. Kl. A consumer (h'sirins 
to S('curc denatured alcohol in (pjantities of fi fral. or more in other 
than original stamped jrackages and keep it storc'd in consumers’ 
storage tanks must secure permit from the collector of internal revenue 
of the district in which he lesides. In order to obtain such permit 
he shall make application on a form specially provided for tin* purpose-, 
vvluerein he shall state his name, residence, purpose for which In; dc.sires 
to use the denatured alcohol, and tin- number and size- of the storage 
tanks he jiroposcs to use. He shall .-dso in said airplication state; the 
jiremises on which he proposes to keej) the; denatured alcohol stored. 

Th(! collector shall, upon rcc('ii)t of such application, issue to thi; 
applicant jM-rmit to receive and keep ston-d in tanks denatured alco¬ 
hol for use in tin- manner indicated in the application. The permit 
•shall .state the; name and addrciss of the consumer, the premises upon 
which the d('natured alcolud is to be stored, the uses to which the 
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alcohol may be put, and the number of storage tanks and the capacity 
of each. 

Denatured Alcohol Not to be Delivered unless Consumer has 
Permit. Sec. 14. A denaturer or a wholesale dealer in denatured 
alcohol shall not deliver such alcohol from transportation or delivery 
tanks to a consumer to be stored in con.sumcrs’ tanks unleas the con¬ 
sumer has a permit .as required by these regulations. This provision 
docs not apply, of course, to completely denatured alcohol in stamped 
pa(^kages, which c.an be sold and delivered to any person allowed by 
these r(!gulalions to us<' or handle such alcohol. 

Denatured Alcohol from Different Denatures May Be Mixed 
in the Storage Tanks—Denatured Alcohol to be Gauged by 
Weight. Sec. 20. DemOored alcohol of the .same proof and denatured 
under the same formula, retadved from diff('rent denaturers, may b(' 
deposited in l,h(^ .same deak-rs’ storage' tanks. 

M'holesalo dealers who receive denatured .alcohol in tank cars or 
ovher tninsportafion tanks, and who ilesire to transfe-r such .alcohol to 
dcak'rs’ storage tanks, shall gauge the denatured alcohol as received 
by weight. 

If the alcohol is cnnv('ye(l into the stor.age tank through a pipe', a 
weighing tank, such as is pivscribed for the use of (k'liaturers, shall 
b<! empk)yed, but if fr.ansferred by me.aus of delivery tanks the weight 
of the alcohol may bi' .ascertained by the u.s(> of platform scales. 

T.ikewisi' when dealers send denatuvc'd alcohol out from their stock, 
drawn eit.her fi’om storage tanks or trans])oi'iation tanks used as stor¬ 
age tanks, they must gaug(! the alcohol so sent out, and the gauge 
must be by weight. 

If draw'll off in packages to be stamped, the gauging must be done 
by the di'alcr in the same matmer as it is done liy the gauger at a 
denaturing bonded warehouse. 

If drawn off in tanks for transfer to other deak'rs or to manufac¬ 
turers or consumers using denatured alcohol, a weighing tank must 
be used for making the gauge; or if the alcohol is transferred by 
means of deliveiy tanks an ordinary platform scale may be used. 

When delivi'ries of demit ured alcohol are made from deliver}' tanks 
at points when' iilatform scab's aio not availabk', the alcohol may be 
measured by means of an}’ suitable measuring vessel. 

After the alcohol has bi'cn wi'ighed t.he person in charge, of the 
delivei"}' tank must si'c that all of the .alcohol deliveri'd is dumped 
into the storage tank on the premises. 

Deak'rs who reci'ive and haudle di'uat.ured .alcohol in hulk should 
provide themselvi's with an hydrometer, to asci'rtain thi' proof, and 
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with the (iaugers’ Weighing; Manual, for reducing the .s]nritH from 
pounds to gallons. 

Manner in which Denatured Alcohol Can be Retailed. Sec. 21. 
Denatured alcohol can be rt'ceived by manufacturers or dealers, (a) 
stanipi'd packages, (b) from delivery tanks, and (c) in (luaiilitie.s 
of less than 5 gal. from other n-tail dealers. If they receive it fi’om 
delivery tanks in quantitic's of 5 gal. or more they niu.st kt'ep it stored 
in storage tanks six'cially set asi<le for that |>ui'j)ose, such storage 
tanks to be similar to consumers’ storage tanks. 

Whoh'sale dealers in denatured alcohol who am also retail deahu's 
cannot draw off and sell at retail, either from transiiortalion or stor¬ 
age tnidcs. Alcohol disjro.sed of by such dealers at retail ninsl Is 
sold as above proviihtd in ease of retail dealers. 

Part VI.—Manufacturers Using Completely Dcnauired Alcohol 
to Secure Permit. Sue. 1. Mamii’actnrers desiring ti tise in niauu- 
factnring iirocesses eonijiletely ih'i.atnred alcohol, such as is pm npnii 
the market for side generally, may use such alcohol, subject to*tin 
following restrictions: 

.\ manufacturer who \ises an average of od g:d. or ii'oi'o of eoui- 
]iletely denatured alcohol i)er month, or who iiurcha.ses demitured 
idcohol in (piiintities of a.s much as lot) wine gal. during one calendar 
month, must make aiiiilieation to the collector of the district in 
which his manufacturing establishment is located, for a |)ermit to 
use such alcohol, in which a])]>lication he shall state the e\aet loca¬ 
tion of his place of business and the location of the storeroom or 
tank in which his alcohol is to be stored, lie must also st.ate the num- 
b('r of wine gallons of denatured alcohol hi' exi>ects to u.se [ler moiitli. 

The alcohol received by such manufacturer may be stored on his 
premi.ses, either in taidos, in or outside of the buildings described in 
the application, or in any room or rooms included in the premises, 
provided such tanks or rooms are ke))!. secui'ely locked when the 
manufactory is not in actual operation. All such storage tanks or 
rooms, however, should be propeily described in the a])plication 
filed. 

Where the alcohol used is to be reeoveri'd, the manufacturer mu.st, 
in such casi's, provide locked tanks or storerooms constructed in the 
same manner .as required of manufacturers using .specially denatured 
alcohol. 

Manufacturers w'ho have provided .approvi'd storage tanks may 
dump into .such tanks denatured alcohol as received, whether it be 
n'coivod in transportation tardus, delivery tanks or in stamped pack- 
.agC'S, but denatured alcohol, if received in stanqied packages by the 
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manufacturer, must be kept in such packages until used, unless 
iipprovfxl storage tank or tanks are provided. 

Manufacturers receiving denatured alcohol in delivery or trans¬ 
portation tanks and depositing it in manufacturers’ storage tanks 
must gauge it as it is received, and the regulations prescribing the 
method of gauging completely denatured alcohol rc(eived by whole¬ 
sale dealers and depositc'd by them in dealers’ storage tanks apply. 

Manufacturer to Send Notice to Collector. Sec. 2. A manu¬ 
facturer n'ceiving denatured alcohol in ti'ansportation tanks must 
pi’cpare and seinl to the collector of his district a notice of the receipt 
of such alcohol similar to the notices sent under like circumstances by 
wholesale dealers in denatured alcohol. 

Denatured Alcohol Must be Kept in Room Set Aside for that 
Purpose and Nowhere Else. Sec. 3. Denatureil alcohol must not 
111 ' ston'd on the manufactui'ei'’s luemises anywhere exc('pt in the 
room or rfioms, tank or tanks described in the apjjlication, and no 
ta\-paid spirits shall under any circumstances be stored in the same; 
ro(jm with denatured alcohol. 

Manufacturer’s Application for Permit. Sec. 4. A])plication 
for permit to use comjiletelv d('natured alcohol must in all cases be 
made by the manufacturer in ijerson nr in his name by his authorized 
agent. 

Ill till' case of a firm the signaturi' must be made in the firm name 
by a member of the firm or by nome ix'i’.son duly authorized as above 
iiiilicated. 

Ill the cas(' of a corporation the signature nmst be made in the 
name ami under the seal of the corporation by the proper officer thereof. 

In the ])ermit a description of each tank authorized in conni'ction 
with the handling or storage of the alcohol must be given, and the 
pciniit shall be in the following form: 

(l'’orni ,W0.) 

renMiT to MANUFAfTcma! to use completely DENA’ienEn .Ai,Conor,. 

ll appcio'inp: u))oii apptipiitioii ituty iniulc try - -, tliivt under the .act 

of .lane 7, llllili, - —-— should Ire permitted to use conipleteiy rleuatured 

iilcotiol in <iLianli1ies of more than .'tO ir-iHons [)er inontii at.-fjietrrry of-, 

in tlie county ot-, Stale of -, in liar manufaclnre of-, per¬ 

mission is liereliy rriven to procun' eoinpletely denatured aleoliol in accordance 
with the regulations a,nd use same in such manufacture at said place. 

(Meetor - District. 

The abovt' permit sliall remain in force iint.il eaneeled or revoked. 

Special Denaturants. Sec. 5. The ag(>nts adapted to and 
adoptcil for ust' in eompletr! dciiaturation render alcohol unfit for use 
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in man)' industries in wliicli otliyl alcohol withdrawn fren of tax may 
1)0 profitably oinjjloyod. In ord(‘r thoroforo to give full scope to the 
oiM'i'ation of th(' law, special denaturants will be authorized when 
absolut('ly iieo'ssary. How('ver, the st-rictest surveillance must be 
('Ncrcised in the handliiif; of alcohol incom])letcly or specially denatured. 

Formula for Special Denaturants to be Submitted to the Com¬ 
missioner. Skc. t). The Conunissioner of Internal Uevenue will 
consider any formula for si)ecial denaturation that may be submitted 
by any manufacturer in any art or industry and will determine (1) 
whether or not the manufacture in which it is pro])osed to use the 
alcohol belongs to a class in which tax-free alcohol withdrawn under 
the iirovisions of the law can bi' used; (2) whetlier or not it is practicable 
to pcrnul the use of the proposed denaturant and at the same time 
j)ro|)erly safeg\iard the n'veiuK'. Hut one si)ecial denaturant will 
be authorized for tin' same class of industri<'s, unless it shall be shown 
that tliere is good ri'ason for additional sja'clal denat\irants. 

The (’ommissioiH'r will announce from time to tilin' the formula.^ 
of denalurants that will be jiermitted in the several classes of industries 
in which tax-free alcohol yan be used. 

Up to date the following formulas have been authorizi'd for use 
ill the following iiidiistrii's, to wit: 

To lot) gal. of ethyl alcohol add: 

Xo. 1. Five gal. of a])])roved wood alcohol, tlie wood alcohol to 
be siibji'i't to till' saiiK' s])ecifications as are iniposi'd iijioii the methyl 
alcohol used in completely denatiiriMl alcohol, which ai'c set out in 
Sec. 2(1, Part I. 

ItKliiKlrirs. .Shellac varnishes, jihotograiihic dry jilatcs, embalming 
Ihiid, heliotrojiin, lacipiers from soluble cotton, resin of poilophylhim, 
and similar products, inanufacture of thermometer and barometer 
tubes. 

-Vo. 2. Seven ])ouiids of caniphor and .’) gal. of coinmercially pure 
methyl alcohol, the methyl alcohol to have a s|ieci(ic gravity of not 
more than O.SIO at (10“ F. 

Xo. 2 (d) (’alternative). Two gal. of .ajtproveil wood alcohol and 
2 gal. of benzol. 

'ITie wood alcohol shall be sidtject to tlu' same specifications ns are 
ini])Osed u])oii the wood alcohol tised in com])le1ely denatured alcohol 
which are set forth in Sec. 2(1, Part 1. 

The benzol sluill be subject to the folltnving specifications: 

Sohihilihj in. Water. When 10 cc. of benzol arc shaken with an 
e(|ual volume of water in a glass-stoppered cylinder, divided into 
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tenths of a cubic centimeter, and allowed to stand 5 minutes to sep¬ 
arate, the upper layer of liquid must measure not less than 9.5 cc. 

Boiling Point. When 1(X) at. of benzol are subjected to distilla¬ 
tion in the sam<i manner ns |)ro.scribed for the determination of the 
l)oiling point of wood alcohol in Sec. 20, Part 1, not more than 1 cc. 
should go over at 77° C., and not le.ss less than 90 cc. at 1(M)° ('. 

Imludrie.'i. Mannfacttire of celluloid, pyralin, and similar products. 

No. 3. Six and one-half gal. of the following mixture; 5 gal. of 
commercially pun* iiM'tliyl alcohol, having a specific gravity of not 
more than O.SIO at 00° P.; 1 gal. of castor oil; \ gal. of 30° Be. 
caustic soda lye. 

Th(‘ denatured mixture is best jirepared by dissolving tin' castor 
oil in the methyl alcohol, and then adding the soda lye. 

lutlunlrg. 'rransjiarenl soap. 

No. 4. One gal. of the following solution: 12 gal. of an aqueous 
.‘olution containing 4t)' j, nicotine: 0.4 lb. acid, yellow dye (fast 
yellow); 0.4 lb. tetrazo brilliant blue, 12 B. Oonct.; water to make 
100 gal. 

'I'he tobacco denaturant must conform to the following analytical 
retpiiremenls. 

■Dderniination of Nicotine. It must contain not less than 4.r)‘7, 
of nicotine when testr-d by the following process: 

Ten cc. of the solution are measured into a 500 cc. Kjehlahl liask, 
provided with a suitable bulb tube, 10 cc. of N/IO alkali added, the 
liquid made up to 50 cc., and distilled in a current of stc'am until the 
distillate is no longer alkaline (about 500 cc.). The di.stillate is then 
titrated with N /10 Il 2 S() 4 , u.sing ro.solic acid as an indicator. Not 
less than 27.S cc. should be risjuired for the neutralization. 

■ Te.d of Coloring Matter, 'fake 1 cc. of th(> denaturant and make 
up to 100 cc. with water, acidulating with a few (hops of II 2 SO 4 . 
Imnier-c in this .solution a piece of white cotton cloth and boil the 
solution. ('ontinm> the proce.ss, adding more cloth and more water 
if necessary, until all th(' blue color in the .solution is fixed on the cloth. 
Then add a piece of white woohm cloth, and boil the bath as before, 
until air the yellow color is fix('d upon the cloth. Both the cotton 
and woolen cloths should show decided colons—the cotton blue and 
the woolen yellow. 

Intendty of Color. I'he denaturant solution, when observed in 
an eighth-inch cell of Ijovibon(r.s tintometer, must show a color of an 
intensity not less than No. 24 yellow, combined with No. 3 blue. 

Industry. Manufacture of smoking and chewing tobacco. 
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in man)' industries in wliicli otliyl alcohol withdrawn fren of tax may 
1)0 profitably oinjjloyod. In ord(‘r thoroforo to give full scope to the 
oiM'i'ation of th(' law, special denaturants will be authorized when 
absolut('ly iieo'ssary. How('ver, the st-rictest surveillance must be 
('Ncrcised in the handliiif; of alcohol incom])letcly or specially denatured. 

Formula for Special Denaturants to be Submitted to the Com¬ 
missioner. Skc. t). The Conunissioner of Internal Uevenue will 
consider any formula for si)ecial denaturation that may be submitted 
by any manufacturer in any art or industry and will determine (1) 
whether or not the manufacture in which it is pro])osed to use the 
alcohol belongs to a class in which tax-free alcohol withdrawn under 
the iirovisions of the law can bi' used; (2) whetlier or not it is practicable 
to pcrnul the use of the proposed denaturant and at the same time 
j)ro|)erly safeg\iard the n'veiuK'. Hut one si)ecial denaturant will 
be authorized for tin' same class of industri<'s, unless it shall be shown 
that tliere is good ri'ason for additional sja'clal denat\irants. 

The (’ommissioiH'r will announce from time to tilin' the formula.^ 
of denalurants that will be jiermitted in the several classes of industries 
in which tax-free alcohol yan be used. 

Up to date the following formulas have been authorizi'd for use 
ill the following iiidiistrii's, to wit: 

To lot) gal. of ethyl alcohol add: 

Xo. 1. Five gal. of a])])roved wood alcohol, tlie wood alcohol to 
be siibji'i't to till' saiiK' s])ecifications as are iniposi'd iijioii the methyl 
alcohol used in completely denatiiriMl alcohol, which ai'c set out in 
Sec. 2(1, Part I. 

ItKliiKlrirs. .Shellac varnishes, jihotograiihic dry jilatcs, embalming 
Ihiid, heliotrojiin, lacipiers from soluble cotton, resin of poilophylhim, 
and similar products, inanufacture of thermometer and barometer 
tubes. 

-Vo. 2. Seven ])ouiids of caniphor and .’) gal. of coinmercially pure 
methyl alcohol, the methyl alcohol to have a s|ieci(ic gravity of not 
more than O.SIO at (10“ F. 

Xo. 2 (d) (’alternative). Two gal. of .ajtproveil wood alcohol and 
2 gal. of benzol. 

'ITie wood alcohol shall be sidtject to tlu' same specifications ns are 
ini])Osed u])oii the wood alcohol tised in com])le1ely denatured alcohol 
which are set forth in Sec. 2(1, Part 1. 

The benzol sluill be subject to the folltnving specifications: 

Sohihilihj in. Water. When 10 cc. of benzol arc shaken with an 
e(|ual volume of water in a glass-stoppered cylinder, divided into 
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corporate name, if a corporation; a complete description of the room 
or place in which it is proposed to keep the denatured alcohol stored, 
as to dimensions, openings, and kind of materials of which con¬ 
structed; a complete description of any spiHually denatured alcohol 
storage tanks used for the storag(! of alcohol, also of any tanks that 
may be used for recovered or restored alcohol, or mixing tanks used 
for the rediuiaturation of al(a)hol, or weighing tanks used for gauging 
denatured alcohol; the kind of business carried on and in which it 
is i)ropos('d to use denatured alcohol; the special denat-urants desired 
to be used, and the W'asons for desiring to use such special denatur- 
rauts: the i|uantity of denatured alcohol it is estimated will be used 
until the lirst of next July following, and if alcohol is recovered in 
the jirocess of luanufactui'e, the manner in which it is recovered, its 
condilion wlu'ii recovered, and the percentage, so recovered. 

Storeroom to be Set Aside. How Constructed. Sue. S. A 
room or building must be jirepared and set aside in which to store thu 
siiecially denatured alcohol after it is brought upon the premises, 
and such room or building shall be numbered serially in each collec¬ 
tion district. 

Said room must be on the manufacturing premises, and it may he 
used for storage of specially denalun'd alcohol, also alcohol recovered 
in the jiroeess of niamdiicture, for the work of restoring and rede¬ 
naturing such recovei'ed alcohol, and for no other purpose. 

It must be securely constructed in sucli a manner as to render 
entrance imirossible (hiring the alisence of the, person in whose charge, 
it is placed. 

Tlu' doors and windows must be so constructed that thc'y may be 
secui'ely fastened. .Ml necessaiy openings must be undi'r a pro¬ 
scribed lock, the key to be kejit by the jierson ck'signated to have 
charge of the storeroom. 

A lign “Denatured Alcohol Storeroom No.-” must be placed 

ovi'r th(' main door of the room. 

Specially Denatured Alcohol Storage Tanks. .Sec. i). Specially 
denatured alcohol received in transportation or delivery tanks m.ay 
be stored in such transportation tanks in the storeroom for denalun'd 
alcohol, such alcohol to be drawn from such tanks .as it is needed in 
manufacturing iiroci'sses, or it may lie dumped from such transporta¬ 
tion or delivery tanks immediately upon receijit into stor.age tanks 
set up in the storeroom. .Such storage tanks shall be similar in con¬ 
struction to storage tanks in denat.uring warehouse. They shidl he 
numbered .sei-ially in each storerom and shall be known and designated 
as “ Specially denatured alcohol storage tanks.” 
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The number, designation, and capacity in wine gallons shall be 
plainly marked on each storage tank. 

Ill the event denatured alcohol is transferred to storage tanks 
from transportation or delivery tanks by miaiiis of pipes, a weighing 
tank, similar to that jireseribed for use in denaturing warehouses, 
must be provided, and the requirements as to pipes, openings, valves, 
cocks, locks, etc., which apply to weighing and storage tanks in denatur¬ 
ing warehouses, shall apply. Likewise the regulations as to gauging 
specially denatured alcohol at denaturing bonded wandiouses shall 
apply. 

Specially denatured alcohol may be transferred from tank cars 
to storage tanks by means of delivery tanks, in which case ordinary 
platform scales or weighing tanks may bi; used. 

Alcohol to be Used as Received. Sec. 34. Specially denatured 
alcohol must be used in the manufacture of the products exactly as 
stated in the manufacturer’s notice and in the collector's permit, 
and it cannot be used in any other manner; and manufacturers 
using such alcohol must complete the work of manufacture of the 
products specified in their notice and bond on the premises upon 
which they are autlioriz('d by their iiermit to use the alcohol. 

Provisions Applicable to Manufacturers Using Either Specialty 
or Completely Denatured Alcohol. Sec. 30. Under no circum¬ 
stances will denature.rs, manufactutx’rs, or dealers, or any other per¬ 
sons, in any manner treat eithci- s]5ecially or comjiletely denfitunsd 
alcohol by adding anything to it or taking anything from it until 
it is ready for the use for which it is to be employed. It must go into 
nianufactun; or consumption in exactly the same condition that is 
was when it left the denaturcr. Diluting (a)rapletely denatured al(a)hol 
will be held to be such manipulation a.s is forbidden by law. 

Sec. 37. Manufacturers using specially denatured alcohol must 
store it in the storeroom or tanks set apart for that j)urpose, the place 
for deposit named in the bond and application, and nowhere else. 
Likewise they must ch-posit recovei-ed alcohol in said storeroom or 
tank as fast fus it is recovered. It will be held to b(! a breach of tin; 
bond and a violation of the law if any denatuwxl alcohol of any kind, 
character, or description should l>e found stored at any other place 
on the premises. 

Part VII. — Sec. 1. Sec. 2 of the act of June 7, 1906, provides that 
manufacturers employing jn’ocesscs in which alcohol used free of tax 
under the provisions of this act is e.\pn!ssed or evaporated from the 
articles manufactured shall be permittcsl to recoviu' such alcohol and to 
have such alcohol restored to a condition suitable solely for rcu.se in 
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manufacturinK processes under such rtsgulatioiis as the Commissioner 
of Internal Revenue, with the approval of the Secretary of the 
Treasury, shall prescrihe. 

Alcohol to be Restored on Premises where Used or in a Restor¬ 
ing Plant. Sue. 2. The work of rei^ovw'iiig alcohol and re.storing 
it to a condition .suitable for reuse in nianufacturing pro(*.s.so.s must 
be done on the premi.scs on which said alcohol was originally used 
or at a duly authorize.d restoring plant, and it must be reused in the 
same manufacturing establishment in whi<^h it was originally used 
(except as provided in Part VUI of thi'S(5 Regulations). 

Still May be Used. Skc. 3. If in restoring alcohol to a condi¬ 
tion suitable for reuse a still is necessary, the manufacturer may set 
up on his prciiuises such still and any other apjiaratus that may he; n(X‘- 
essary for use in connection with or indepeudent of the still in the 
work of recovering such .alcohol. The, st.ill must bi^ registered in the 
same manner in which the law and regulations re(iuire that all .stills 
.set U)) be registcired. It cannot be used tor any other purpose than 
to recover by redistilling alcohol that has been withdrawn from 
bond tree of tax for (h'liaturing purposes, (haiatured, and then used 
by the manufacturers. 

Application to be Filed. Sec. 1. .\ manufacturer desiring 
to n'cover and reus(' denatui'ed alcohol must, in his application for 
])ernnt to use denatured alcohol in his busii\ess, in addition to the 
st.'itements nspiired to be made in said application, state fully the man¬ 
ner in which he intends to reeover alcohol, the condition as to proof, 
purity, etc., of the alcohol when it is recovered, the percentage of 
alcohol used in said business which he proiwses to recover, ami the, 
estimated (pnintity in ))roof gallons of alcohol hi' expects to recover 
during the year. If it is necessary before redenaturing said alcohol 
to redistill or utln-rwise treat it in order to restore it to a condition 
suitable as to ])ronf and purity for use in the particular manufacture 
for which it is intended, the process must be explained, and if a .still 
is to be n.scd the capacity' of the still must be set, out in full and the 
other apparatus used in connection with the still must be described, 
or if it is his intention to .send the recovered alcohol to a restoring 
and redenaturing plant the apidieant, will so state. 

Alcohol to be Stored in Storeroom as Recovered. Sue. (1. 
The manufacturer must draw off alcohol, as it is recovered, into 
jaackages and must immediately store it in tlu- same condition as 
it is when recovered in the storei-ooin for denatured alcohol, and it 
will thereafter be in charge of the custodian of said storeroom. 

Alcohol rccoveretl at such establishments and placed in tlu^ store 



room for denatured alcohol will not bo redistilled or otherwise treated 
except in the presents, of the proper officer; Provided, That such 
rooov(!red alcohol may be sent to a central restoring and redenatur¬ 
ing plant. 

Manufacturer to Keep Record and Send Notice of Shipments. 

Sec. 7. A manufacturer using denatured alcohol and recovering 
it in process of manufacture and desiring to have such alcohol rest(jred 
to a condition suitable; for I’cusc in manufactui’e at, a restoring and 
redenaturing plant, must keep a recortl in which he .shall enter tin; 
ipuintily in wine and proof gallons of alcohol recovei'e.d each day 
and stored in his storeroom. 

At .such times as he may d('sin; he may ship such rec()ver(;d alcohol 
to a restoring and i-edenatui’ing plant, but bidoj'e it leaves his st.>i'e- 
room. if it be not shi])i>ed in taidis, he must pul, it into sintal)le pack¬ 
ages, and upon the head of each package he must idaco the following 
marks; 

Deimturod alcohol rccovcmd at the niamifactiiriiiK e.stidilishiiiont of - - 

-, sloreroiim .No.-. located at ■ • —-, in the district of s . 

-wine gallons. — proof gallons, serial No. 

He must number tlu'.se ])a(dmges si'ritdly, beginning with No. 1. 

I'lton the credit siile of his record he, slutll enter llit' ilate when be 
sends any recovered alcohol to the n'storing and roilenaturing ])liint, 
the name of the pro))rietor of the jilanl to which it is si'iit, the num- 
bt'f of packages or tanks, thi' .serial number.s of saint', tuid the, wine 
and proof gallons. 

The uuumfticturer sluill at the end of each month prejiare a tr;m- 
script of this record tind swear to it iiiul forwtirtl it to the collector in 
a manner similar to that provided by st'ction 2t), Part VI. 

Notice to be Sent to Collector. Sue. <S. I'lion the date when 
he places in transit tiny rt'coveretl alcohol he must lirep.ai'e a notice 
in which he shall state the number of packages or l.'inks, the .serial 
numbers of same, the wine and iiroof gallons, and the name of the 
restoring and redenaturing plaid, to which the alcohol is sent. 

This notice must be in tiifilicatc, ])i'ovided the restoring and rede¬ 
naturing plant is located in one distiict and the matmfaeturing estab¬ 
lishment in anothei-. If they are both in the same collection district 
then it may' be jirepared in duplicate. 

One copy of the notice is to be sent to the collector of tin; district 
in which the manufacturing plant, is located, another to the colk'ctor 
of the district in which the restoring and redenaturing plant is located, 
providi'd it is in another district, and the remaining copv to the olfii er 
in charge of the restoi'ing and redenaturing plant. 
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Recovered Alcohol May be Collected in Receiving Tanks 
Outside of Storeroom. Sec. 9. The manufacturer may collect 
recovered alcohol in tanka outside of the storeroom, such tanks to be 
known and designated avS “ Receiving Tanks,” provided a continuous 
closed pipe connects the recovery apparatus with such tank and 
provided the receiving tank has but one outlet, which outlet shall 
be kept securely locked. Alcohol so recovered may be forwarded 
direct to centra! restoring and redenaturing plant or it may be dcj)os- 
ited in the manufacturer’s ston'room. 

Tanks to be Used for Receiving Recovered Alcohol and for 
Storing Recovered and Restored Alcohol. Sec. 10. Recovenal 
alcohol may be stor('d in the storeroom, eithi'r in packag(« or in storage 
tanks used only for the st(}rag(' of recovered alcohol. Likewise restored 
alcohol may be stored in a storei'oom in .storage tanks used only for 
th(' storage of rc'stoi'cd alcohol. 

Receiving tanks for rec'overed alcohol and .storage tanks for recov¬ 
ered alcohol and storage tanks for restored alcohol shall bo numbered 
.serially at each storeroom and .shall bo plainly iuarke<l with the serial 
number of the tajdi, the capacity in wine gallons, anil the designation 
of the tank, as ” lleceiving Tank,” ” Recovered Alcohol Tank,” or 
“ llesfon'd .Alcohol Tank,” as the case may be. 

Such tanks shall be constructed in a muniK'r jirovided in the 
case of similar tanks at- denaturing warehouses and shall be sjx'cifically 
de.scribeil in the application of the nianufactun'r. 

Recovered and Restored Alcohol to be Gauged by Weight. 
Sec. 11. liecovered alcohol maybe restored on the premi.ses of the 
manufacturer, and such alcohol wlu'ii re.stored and redenatured shall 
be gauged by wi'ight, either by the use of a weighing tank, such as is 
pre,scribed for demitui'ing warehou.ses or by weighing in pack.ages. 

Recovei-ed alcohol shipi)ed to a central restoring and redenatur¬ 
ing plant may be .shippi'd in packages or tank cars, transjjort.ation 
or deliveiy tanks, and shall be gauged by the m.anufacturcr in the 
■same maimer as is pre.scribed for the gauging of denaturi'd alcohol at 
denat uring warehouses. 

Metal Pipes to he Used in Transferring Recovered and Restored 
Alcohol to the Several Tanks on the Manufacturing Premises. 

Sec. 12. Metal piiies may be used for ti'ansferring rei'overed alco¬ 
hol from the rcci'iving tank to the recovered alcohol tank, or for trans- 
fi'rriiig recovered alcohol eitlu'r t-o the restoring apiiaratus on the 
premises or to transport.atinn or delivery tanks for transfer to central 
restoring and redenaturing jilants, or for ti’ansferring restored alcohol 
from the restoring apparatus to the reslored-alcoliol lank, or for 
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transfcrriiij; rodcnatuml alcohol to the stoi-ago tanks for denatured 
alcohol, the discharge being first into weighing tanks, in the same 
manner as at distillery bonded or denaturing warehouses. 

Such pipes must be so construct(Hl that they will be in plain view 
while j)assing from one tank to another, and the n'gulations apply¬ 
ing to pipes used in transfi'rring alcohol from distillery cisterns to 
distillery bonded warehouse apply. 

Th<' pipes must be supiilied with necessary cocks and valves for 
controlling the flow of the recoveri'd, r(!storcd, or redenatured alcohol. 

All cocks, valves, and openings must be controlle.d by apirrovcd 
locks, the keys to bo carried by the custodian of the ston'room. 

May Use Restored Alcohol or Storage Tanks to Redenaturc 
Alcohol. Sec. 13. TIk! manufacturi'r may redenaturc the alcohol 
either in restored alcohol tanks oi- in the storage tardis for denatured 
alcohol, but if h(' so uses the restorcal alcohol tanks hc^ must, as soon 
as th(' proci'ss of redeualuration is complete, remove the nalenat-ured 
alcohol to the I'egidar storage taidvs for denatun'd alcohol. 

Still Used for Recovering Alcohol Only, Etc. Se( . M. The 
still einifloyed in redistillation will not be used for any j)iir[)os(' 
e.\cept to redistill alcohol for rc'denturation, aiid it will not be used 
e\c(']5t in the ])resencc of the proper officer. When the still is not 
being us('d the furnace door or cocks controlling the steam connec¬ 
tions will be .scciii'ely locked and the collector will keep the keys to 
said locks in his po.ssession. 

Where, owing to other dutii's, an offic(‘r cannot be a.ssigned to 
the manufacturer’s premises to supc'rvise the redistillation of alcohol 
at the time specified in the manufacturer’s ap])iication, tin' collector, 
if satisfied that .all alcohol restored will be duly accounted for, may, 
in such c.a.ses, deliver the keys to the manufacturer, together with a 
written permit to use the stills in the absence of the officer during 
the time to be .specified in such permit. The k('ys so delivei'cd must 
be returned to the collector at the ('.xiflration of tinu^ so fixed; and 
the alcohol so restored will be securely kept in the manufacturer’s 
storeroom, or in locked tanks, until denatured by an offic('r, who 
should be assigned for this purimse as soon as his other duties permit. 

Reuse of Denatured Alcohol Recovered in Original Denatured 
State. Sec. 15 . To enable manufacturers using denatured alcohol 
for manufacturing purposes to r(!cov('r and reuse the same without 
awaiting th(' arrival of an inspecting officer, collectors of internal 
revenue are authorized to permit such recov('iy and nnise where the 
alcohol is recovered in its original denatured state, or practically so, 
and is stored, used, and recovered for reuse in locked or sealed tanks. 
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stills, vessels, or other receptacles connected b}' continuous closed 
pipes. 

In such case the ma^nufacturer, in filing his application, Form 
580 or 581, will append thereto a diagram showing the location, con¬ 
struction, size, and arrangement of all tanks, vcssscls, and stills to be 
used and all pipe connections. The manner in which the alcohol 
is to be stored, used, and recovered for reuse must also be fully 
described in the application or on the <liagram furnished. 

Records and Tanks. Sec. 1(5. An accurate account mu.st be 
kept by the manufacturer in Record 567 of all alcohol nsceived iind 
dumped; also of the quantity withdrawn from such storage tank 
or deposited therein each day. 

In recording (Ik; quantity dumped the wine and proof gallons 
must in all cases be stated, and a full description of the packages or 
tanks in which the, alcohol was received on the pnuni.ses should be 
entered in the record, as najuircid in case of alcohol rectuved and 
deposited in the manufacturer’s storci'oom. The quantity of alcohol 
in wine gallons recovered and nidepositcid in such tank each day 
will be noted in the appropriate column on the debit side of the record. 
The quantity in proof gallons so redepo.site(l will also be recorded 
where the actual proof of the recovered alcohol is known. Like 
entries will also be nnule on the credit side of the record of the alco¬ 
hol withdrawn for manufacturing purjroses. In the cases here pro¬ 
vided for the manufacturer will not be required to kc-ep the prc.scribed 
records. Forms 568 and 566. 

In order that the quantity redcposltcd in such storage tanks and 
the ipiantity withdrawn therefrom may bn delermiiK'd, each of such 
tanks should be of a uniform shape and of suitable size, and should 
be provided with a glass gauge and graduated scaki which will show 
the actual contents of the tank in wine gallons. 

Redenaturation. Sec. 17. When al(«hol recov(',red in the man¬ 
ner described in Sec. 16 is found to require redenaturation, the manu¬ 
facturer will add to such alcohol a sufficient (|uantity of the approved 
denaturant, either in process of recoveiy or after the alcohol has been 
redeposited in the storage tank; but in such ease's the tank or vt'ssci 
containing the alcohol must be at once locked or .sealed by the manu¬ 
facturer after the required denaturant has been u.sed. Samples of 
all denaturants to be so used must be first submitted for analysis, 
and all expenses connected with the forwarding and testing of such 
samples or saiiqdes of recovered alcohol, obtained by the inspect¬ 
ing officer as hereinafter provided, must be borne by the manufa(h.ur(!r. 

The manner of obtaining and forwarding such samples shall be 
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the same as provided in See. 28, Part I, relating to s!im(>les of ilenatur- 
ants used in denaturing warehouses. Such samples shall he forwardtal 
to the nearest or most convenient point where an authori/A'd chemist 
is located. 

Official Inspection, Samples, etc. Sec. 18. The ofFiocr on 
visiting premises where alcohol is I'eeovered, as herein provided, will 
measure and proof all .such alcohol found on the prwnises, either iji 
storage tanks or in process. He will also carefully e.xamiiie the alcohol 
stored in the tanks with the vi(!W' of ascertaining whether the same 
is in a condition “suitable solely for re\ee in manufaetiiring proc¬ 
esses,” as provided in See. 2, of the act of June 7, llKKi, He will, 
whenever he is in doubt as to the character of the alcohol, procur<’ 
a sample of such alcohol and forward the same for analysis as herein 
before directed. In all such cases where the alcohol is foi ml or 
believed to la; deficient, either in ])roi)f oi in denaturants, the 
manufacturer will at once take thi' necessary steps to bihig it yiu 
to the napiired standard, and any failuio on his jiin, in this matter 
will be regarded as sufficient ground oa which to revoke the jirn'mit 
issued to him. 

Application to Have Alcohol Restored and Denatured. Sm . 1!). 
^^'here the restoring and redenaturing is to be done in the iires('nee 
of an officer at such intervals as the necessities of the business may 
demand, and when the manufacturer has a sufficient fiuaidJiy ot 
recovered alcohol on hand to justify the .sending of an ollici'r to his 
place of business, he may make aiiplieat.ion to the collector ot the 
district for an officer to be detailed to snjjervise tlu^ work of redistill¬ 
ing or otherwise treating the recovered alcohol and the, iedenaturing 
of it. 

Restoring, Redenaturing, and Gauging Alcohol. Sec. 21. 
The process of lesl-oring the alcohol to a condition suitabh^ for reuse 
will be carried on in the pre.sonce and under tlu? supervision of the 
officer. If in the process of restoring the alcohol to a condition suitable 
For reuse it is neees.sary to remove it from the storeroom, it will be 
returned to .said stonn'oom as riijridly as it is restored. If the alcohol 
iS to be redenatured in packages, and said packages ar(‘ to be stamped 
it shall be drawn off into suitable jrackages. d'he officer will, in hav¬ 
ing the packages filled with the lestoi’ed alcohol, h'ave a wantage 
squal in volunre to the denaturants to be added. He will asceitain 
ly weight the wine and proof gallons in each i)ackage Ijefore any 
lenaturaiit has been added. He will then cause the denaturants 
A) bo added to tlu; ])ackagc and will gauge, mark, stamp, and brand 
ho package of ledeuaturcd alcohol. 
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Tho same kind of packages and stamps prescribed by these regula¬ 
tions for alcohol denatured at'denaturing warehouses will be used 
for alcohol rodcnatured at storerooms for denatured alcohol. Pack¬ 
ages of redenatured alcohol shall be numbered serially, beginning 
with number one, at each storeroom. 

Alcohol Not to be Redenatured Unless Necessary. Sec. 34. 
Manufacturers who recover alcohol will not be required to have said 
alcohol redenatured if it retains a sufficient quantity of the original 
diuiaturants to prevent its use as a beverage. If necessary, this 
may bo determined by the chemical examination of samples taken 
for this purpose and forwarded to the nearest laboratory. In the 
event it is not necessary to redenature the alcohol the manufacturer 
must deposit it in his storeroom in tanks or suitable packages and 
make a])plication to tho collector of internal revenue to have it 
regauged. The collector will detail an officer to visit the storeroom 
and ix'gaitgc tlu' alcohol. When it has been regauged the alcohol will 
he taken up on prop(>r ix'cords by the officer and the manufacturer 
.and -will .apj)ear on the monthly reports in the same mminer as though 
it h.ad b('en rcdenatuixal. The officer making the regauge will make a 
report in the same manner as is required when alcohol is reden.atured 
on the manufacturer’s jiremises, except tliat the reymrt will not 
sliow that th(‘ al(a)hol was redenatured. 

Special Denaturants. .Aur. 25. The Commissioner of Internal 
I'ievenue will consider any formula for special denaturation that 
may be submitted by any man^.acturer in any art or industry, and 
will determine (I) whether or not the ni.anuf.acture in whiidi it is 
pi’oposc'd to us(‘ the alcohol belongs to a class in which ta.v-free alcohol 
withdrawn undei' the provisions of the law can be used; (2) whether 
or not it is practicable to ])erinit the use of the ])ro])osed deiiaturant 
and .at th(‘ same time property s.afegu.ard the rev(!nue. But one .special 
denatnrant will be authorized for tho same cla.ss of industries, uiile.ss 
it shall be shown th.at there is good reason for additional spc'cial 
d(‘naturants. 

The (Commissioner will announce from tinu' to time the formulas 
of d('naturants that will b(' permitted in the several classes of indus- 
trii's in which tax-fix'c alcohol can be used. 

Cj) to date the following additional formul.as have been author¬ 
ized, to wit: 

To 100 gal. of ethyl alcohol .add: 

No. 12. One gal. of yiyridin ba.ses and 2 gal. of coal-tar benzol. 

The pyridiu bases must conform to tin' synadfications set forth 
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in Sen. 20, Part I, anti the benzol must conform to the specifications 
contained in formula No. 2ti. 

No. l.d. hive gal. of sulphuric acid having a sfjecific gravity of 
not less than 1.S3 at 00° F., atiil 5 gal. of sulphuric ether having a 
spt'cific gi'avily of not rnoi'c than 0.728 at 00° F. 

No. 13(1 (alternative). Ten gal. of srdphuric ether, having a 
speeifitt gravity of not more than 0.728 at 00° F. 

Thi.s alternat.ive ih'naturant i.s authorized because of representa¬ 
tions raaile by inanufaeturens to the effect that Formula No. 13 would 
give rise to many difficidties in the prodiudion of the anesthetic grade; 
of eth('r. It is not as efficiemt a denaturing material, however, and 
internal-revenue offi(;ers are hereby instructed to exercise great 
caution in recommending the- granting of permits for its use, both 
as to the stainling and the responsibility of the applicant and the 
(diai'act.er of the premises described in the application. A vv.ry care¬ 
ful and close surveillance of such factories must b(! maintaifted. 

The us(> of this nUernative formula i.s further restricti'd to the 
manufacturt! of sulphmic other containing not more than d' i, of alch- 
hol l)y weight, and section, 10, Part VI, of the revised regulations, 
is .amended .accordingly. 

No. 14 (alternative). Five gal. commercially pure methyl .alco¬ 
hol, and 10 11). aidiydrous zinc chloi'ide. 

The mrthyl alcohol must have a specific gravity of not more than 
0.8] 0 at (30° F. 

No. l.'i. Three gal. of sulphuric acid having a .specific gravity 
nf not less than 1.S3 at 00° F., and 1 gal. of kerosene having a specific 
gravity of not h'ss than O.SOO at 00° F. 

No. 10. Five gal. commercially pure methyl .alcohol .and 2 gal. 
benzol. 

The methyl alcohol shall have a .specific gravity of not. moi'e th.an 
I.S10 .at 00° F. 

The benzol shall be subject (,o the same specifications as are imposed 
in formula No. 2ii. 

17. (hioral hydrate m.amifacture, 100 g.al. ethyl alcohol O.QF) g.al. 
inimal oil. 

The .above formulas have been authorized for u.se in the various 
industries as indicated in the following table: 
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Manufacture or preparation of— Formula No. 

Alkaloids and fine chemicals. 10 

Acetic ether . 1 

(ProvicU'd that the. finlsherl product coutuins not iiton* than 0 per cent of 
alcohol by volume.) 

Barometer and thermometer tubes. 1 

Celluloid, pyraliii, and similar products. .... 2-2n 

Confectioner’s colors .... .... 1 

EmbalminK fluids. ... .... 1 

Ethyl chloride . . 1-14 

Filaments for incandescent eleetric lamps ... 1 

Fine chemicals and alkaloids 10 

Fuhninate of mercury .... O-Ot/ 

lleliotropin .... 1 

Imitation leatlier. 12 

Jewelry and watches ... 1 

Ijacquers, pastes, and\tirnishes from sohible eottoti l it) 

MoItliiiKs and picture frames.. . . I 

Monobromated camphor .... . . 9 

Nitrous ether . . lo 

(After the tax-frer alcohol all hp(‘n cmivertetl into iiilrou^ ether it will he 

permissihlo for the to a<ld alcohol in tndei to dilute tlic piodui't ko 

that it may he luoro rividily Iransporletl. oi foi ntlivi ImL sm-l) Julded 

ali'oliol must m all eases (>e Uix-pni<l alcohol ) 

Pastes, lacquers, and varnishes from soluble cotton. 1-10 

Pyralin, eelluloid, and similar products . 2-20 

Pliotojsraphic collodion 11 la 

Photi>nraphic <lry plates .1 

Pljoto onlarKements and ])h()to prinU . T) 

Ifliolo enKravinns f) 

IVistal cards in colors .... 1 

Resin of podophyllum and similar jiroduets .1 

Bu!>her. purification t)f .. .. . . fl 

Santonine ... ... 0 

Shellac varnishes ... 1 

Shoe polislt .. . 1 

Silverware and hronze, . ....!■ 

Soap, transpanuit 1-fl 

Sulphonmethane. . . S 

Strychnine. ... .0 

Solid and powderml medicinal extracts 1 

Sulphurie (‘lht*r .... 

Surgical licaturcs. ... 1 

Tannic arid • • fl 

Thermometer anil barometer tuhes .. I 

Tobacco, smok in K and chewinj;. ... \ . . 4 

Transparent soap 13 

Varnishes, pastes, and lacijners from sohibU* cotton. 1 10 

Watches. . I 
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APPENDIX 

Transportation of Explosives and Inflammable Materials. 

The American Railway Associaiion undei' tlie direction of Colonel 
R. F. Dunn, U. S. Army, child inspector of the Bureau for the Safe 
Transportation of Explosives, and the U. S. Interstate Commerce 
Commission under date of Jan. 1"), 1!)1(), have formulated, and puh- 
lished certain refjulatioms for the safe transportation of e.xplosives 
find inflammables. The particular purpo.se is that ilie shipper sliall 
know the true characteristics of each shipment, and fanuliari/,e him- 
■self with the requirements of the regulations in ordei’ that he may 
inform the carrier by means of certain s.ifeguards ami the usi> of pre 
scribed labels and certificatc.s. Special supervision is given not only 
to the transportation of powder, dynamite and otiier hi'iivy e\)ilosives, 
but it is now provided that siiecial care shall be jaiisiK'd in tlie liaiidliiig 
of any material that gives off inflammable vapor at or below a tem¬ 
perature of SO” F.; materials subject to spontaneous eombiistion, 
materials other than acids, which are liable to cause accidents liy 
frietion, eoneussion, ab.sorption of moisture, coni act with orgaiiie 
matter and otherwise. Special niles also govern the handling of 
compres-sed ga.ses as wcll as a list of eight of the more virulimt acids 
and corrosive conijjounds. 

The following regulations apply more .speeifieally to the sub¬ 
jects embraced in this work, although the regulations in detail coin- 
prehend all matei-ials likely to be offered for transport; 

. The following are forbidden for transportation: (a) liquid nitro- 
glycerol; (//) dynamite containing over iiitroglyocrol (except 

gelatin dynamite); (e) dynaniiti- having an unsatisfactory absorbent 
or one that permits leakage of nitroglycerol under any conditions 
liable to exist during transportation or storage; (rf) nitroeellulo.se in 
a dry condition in quantity greater than 10 lb. in one exterior package 
(see pars. 1557, 1500); (e) fulminate of mercury in bulk in a dry 
condition, and fulminates of all other metals in any condition; (/) 
fireworks that combine ah explosive and a detonator or blasting cap. 
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“ 1504. Smokeless powders are those explosives from which there 
is little or no smoke when fired. The group consists of smokeless 
powder foi- cannon and smokeless powder for small arms. Smoke¬ 
less powder for cannon used in the United States at the pre.sent time 
consists of a nitrocellulose colloid, and is safe to handle and trans¬ 
port. Smokeless powders for small arms may consist of nitrocellu¬ 
lose, niti occllulose» combined with nitroglycerin, picrate mixtures, 
or chlorate mixtures. 

“ 1557. Dry Nitrocelluluse. Inside packages containing not more 
than 1 lb. each of dry nitrocellulose, wrapped in strong paraffined 
paper, or other suitable spark-proof material, will be accepted for 
shipment if securely packed in an outside package that complies with 
General Rules D, 11 and F, and is marked as prescribed in paragraph 
1559. Outside packages must not contain more than 10 lb. of dry 
nitrocellulose. 

Smokeless Powder for Cannon. “ 1571. Parking. Smokeless 
powder for cannon must be packed in tight boxes free from loose 
knots and cracks, or in kegs, that comply with General Rules D, E 
and 1'. 

“ 1572. Weight. Packages must not weigh over 152 Ib. gross. 

“ 1573. Marking. Each package must be plainly inaiked on 
top ‘ SMOKELESS POWDER FOR GANNON.’ 

“ 1574. Car. Smokeless powder for cannon may be sliipped in 
any box car in good condition. The car must be placarded ‘ l.VFL.VM- 
MAHl.E ’ as pi’escribed by paragraph 1003. 

Smokeless Powder for Small Arms. “ 1575. Parking. Packages 
of le.ss than 9 II). of snioke'le.ss ))Owder for small arms must be iticio.sed 
in a tight box so that the filling liole of each inside package will be uj), 
and the box iiuist be marked on top as prescribed by paragi-aph 157S. 

“ 1570. Qmintities of 9 lb. or over must be placed in pacluiges 
that coui))ly with General Rules D, E, and F. Kegs less than 9 in. 
long must be bo.ved as prescribed by par. 1511. 

“ 1577. Wright. Packages weighing over 31 lb. gross will not 
be received unless packed under the supervision of and .shiirpeil for 
the use of the United States Government. 

“ Packages weighing not over 30 lb. gross each may b(' inclosed 
in an outside package, in which case the gro.ss weight must not exceed 
150 11). 

“ 1578. Marking. Each outside package mu.st be j)laiidy marked 
on top ‘ HMOKEl.ESS POWDER FOR SMALL ARMS.’ ’’ 

Inllamniable Liquids include a group-which gives off inflammable 
vapors at or below a temperature of S0° F., as determined from a flash 
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point taken with a Tagliabue Open Cup Tester as used for the test¬ 
ing of burning oils. Such are permissible for transportation only 
when placarded with a red label, and among such are the following: 

INFLAMMAliLK LIQUIDS.-RED LABEL 


Name. 


Acetone.... . 

Alcohol, . . . 

Alcohol, gmin (ethyl alcohol). 

Ak'olml, wood (methyl alcohol). 

Amyl acetate. 

Benzene . 

Benzole. 

Benzine. . 

darbon bisulphide , . . 

(loal-tar najihtha (liKht oil). 

(Collodion. 

(Columbian spirits. 

(Cologne spirii.s . ... 

Ether. . 

Ethyl acetate. 

Ethyl chloriile. .... 

Ethyl methyl koton(‘. 

Ethyl nitritei. . 

(iftsolene. 

High wines (proof spirits over 1(H) proof) ... 

Lacquer (nitrocellulose solution). 

Lacouer (shellac). 

I/ftatner cement. 

Liquid bronze. . 

Naphtha. 

Naphtha cement. 

Nitrocellulose, solution. 

Nitrocellulose, wet with solvent.. 

Neutral spirits. 

Nitroglycerin spirits. 

Paint (bronzing, aluminum and gold). 

Petroleum ctlier. 

Petroleum naphtha. 

Petroleum spirit. 

Proof spirits. 

Pyroxylene (see nitrocellulost*). 

Rhigolcne. 

Shellac, liipiid . 

Soluble cotton (see nitrwellulose). 

Spirits glonoin (nitroglycerin spirits). 

Toluol.1 

Toluene./ 

Wood spirit. 


Flush Point. 

^faxitnum quantity 
{s<‘e Pars. 1H14 ami 

fMuy vary 

IS].')) in (uie packaga 

with purity.) 

which may lip certi- 

K. 

(icil “ Nu Lahol 

;!.'■> 

1 pltO'll. 

■10 ;■),■> 

1 ■■ 


1 “ 

-l.'i 

70 0.-, 

1 “ 

1 “ 

20 

1 “ 

20 

\ “ 

*0 

V “ 

*0 

No cxpmption. 

20 

I Kolloii. 

1 “ 

»40 

4."> 

1 “ 

00 

.7 H'lllon.*. 

*0 

.7 pomids. 

40 

4 Kidloii. 

»0 

0 ( 1 ( 1 /. 1.| (>/. tulips 

HO 

\ tliilloii. 

I ‘ ‘ 

♦0 

*0 

•i " 

00 SO 

i ■' 

20 70 

1 ■' 

40 70 

I “ 

»0 

4 “ 

*40 

i “ 

*0 

. 4 “ 

*0 

4 “ 

20 70 

i " 

40 

.7 pounds. 

.77 

1 Kulloii. 

too 

No oxoniptiou. 

*20 70 

i Kidloii. 

*0 

\ “ 

*0 

4 “ 

*0 

4 “ 

OO-SO 

1 “ 

♦o' 

i “ 

40-70 

. 1 “ 

too 

•Vo exemption. 

.7.7 

1 g.allon. 

4,7 

1 “ 


*At or below. tApproximate. 
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Inflammable Liquids—Red Label. “ 1822 . Except as noted in 
pars. 1823, 1824 and 1825, all articles in this group must be packed; 
(1) In well-stoppered bottles of not to exceed one gallon capacity; 
or, (2) in boxed carboys or demijohns well stoppered; oi', (3) in strong 
and tight barrels;' or preferably (4) in .strong metal di'ums or vessels, 
or tank ears. All inside packages must securely closed to prevent 
leakage or esc.apc of content,s and jjroteei.ed against breakage by 
shock. Bottles must bo ]n'ot.octefl In- corrugated i)aper wrapi'ilngs 
or other elastic ))acking. A liquid with 11a,sli point below 80° F. must 
not 1)0 accepted in a can, unless crated or boxed. Tank cars contain¬ 
ing inflammable licpiids must be of an approved design, and they must 
be provided with satisfact.ory safety valves. 

“ 1S23. Nitrocellulose wet with solvent, must contain not less 
than 3t)';,' of a solvent whose (lash i)oint is not less than 40° F., and 
must be ])acked in strong, tinned or galvanized iron vessels, of the 
milk-can type, with a satisfactory means for kei'jhng tlaun .securely 
closcal. 

‘‘ 1824, Spirits of nitroglycerin must not contain more than lOfT 
of uiti'oglycerin in solution, and must be ])acked in tightly stojiiiered 
cans or glass bottles containing not more than one gallon of li<i\nil 
each, and surrounded by a satisfactory absoibent. 

“ 1825. Th(! mor(' volat.ile li(iuids, siudi as carbon bisulplihh*, 
ether, ethvl cliloride, etc., must be packed properly in well-.sealed 
metal tubes, cans, cylinch'rs or drums. 'I’hey may b(' ])acked in well- 
stoppered bottles containing not more than five pints, or in glass 
tubes of not more th.an t.j oz. capacity. 

“ l.s2(). Packages containing inflammable bhiuids must not be 
entirely lilh-d. Sudicient interior space must be left vacant to per¬ 
mit e.\|)ansion of liquid and vapor, and to prevent distortion of con- 
t'liners when heated to a b-mperature of t20° F. 

Inflammables—Yellow Label. “ 1834. Yellow label packages must 
be t.ight and strong, and the interior packages must be so cushioned 
and secured that no rupture of either jiackage can result from the 
ordinary .shocks incident to transportation. 

“ 183S. Nitrocellulose, uniformly wet with not, less than 2i}% 
of water, must be wrapped in waterproof material, .securely (jacked 
in a strong and tight box, keg or bari'el, and marked ‘ WET NITRO¬ 
CELLULOSE—25 PER CENT WAd'ER.’ ” 


'Sccoiiit-hauil barrels must be carefully inspected and well cooijcred. 
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TEMPERATURE CORRECTION OF GAS VOI.UMES, AtiCORDING TO THE 

FORMULA 


‘ 700x(l + <5(). 

WHERE J=0.00:!0(i5 AND l + i!t--FROM 0°TO30°C. 


/. 

7(;0> (1 + -5/) 

1 

: t. 

700x(l + 3() 

t. 

700X(l + (3) 

L 

7oo;<(i + ffi) 

“i: 

0 0 

71)0 000 

1 0^, 

: 1 0 

771.1410 

°v, 

s.o 

782.2832 

12 0 

703.4248 

1 

791) 27sr) 

. 1 

771.4201 

. 1 

782.,3017 

.1 

703 7033 

•» 

700 r)r)7i 

1 ,2 

771 0087 

2 

782.8 toil 


79;}. 9819 


7()0 S3:)() 


771.0772 

.0 

783.1188 

.ii 

704.2004 

.'1 

701 1112 

' .4 

772.2338 

.4 

783.3074 

.4 

704. ,3300 

■ T) 

701 3027 

! 

772.3343 

.5 

783 00,30 

.3 

701,8175 

0 

701 0712 

i .T) 

772 8128 

6 

783,0.344 

.0 

703.0000 

.7 

701.04'IS 

! , 7 

773 0011 

. 7 

7,84.2330 

.7 

70.3 3740 

H 

702 22S3 

i 

773.3000 

s 

7.84 311.3 

! .8 

70,3 0,331 


702 oOW) 

.0 

773 0483 

.0 

7,84.7001 

i 

70,3.031t 

1 (1 

702 7S,)t 

! a.O 

773 0270 

0 0 

7iS.V0()S() 

13 0 

700.2102 

.1 

7o;i OOOll 

1 .1 

774 2033 

I 

783 3471 

f 1 

700.4,887 

_2 

703 342.') 

') 

774.4811 

22 

783 0237 

2 

796.767;} 


703 0210 


774,7020 

ii 

783.0042 

,3 

707.04.38 

4 

703,SOil() 

A 

773.0412 

.4 

780.1828 

,4 

707 3244 

-.■> 

70)4 17K1 

.7) 

773 3107 


7,80 4013 

.3 

707 0020 


7oi.i:)00 

0 

773.3082 

.6 

780.7308 

1 .() 

707 8811 

.7 

701 7332 

,7 

77«V(S70(S 

.7 

787.01,84 

7 

708 1000 

.S 

703 (1137 

!l .8 

77(1 

.8 

787.2000 

.8 

7,88 43,8.3 

.11 

703 2023 

] "'l 

770.4330 

.9 

7X7.57.).') 


708,7171 

2 0 

703 5703 i 

i 0.0 

770 7124 

10 0 1 

7S7 8540 

1 14 (M 

i 708 00.30 

1 

703 3403 

1 -1 

770 0000 

.1 

7,88.132,3 

! ,i j 

700 2711 

2 ' 

700 1270 I 

_ 2 

777 2(19.") 

.2 

788.4111 


700.,3327 

3 

700 4004 i 


777 34,80 

.0 

7S,S (lS9(i 

;i 

799 s;}12 

A 

7()0 OS.'iO 

.4 

777 S2(K) 

,4 

7SS 96S2 

4 

860 1098 

r. 

[ 7()() 900.) 

') 

778 1031 

7) 

: 7S9 2167 

5 

SDO :}S8:} 

-tl 

707 2420 

41 

77S 

6 

7S9 5252 

<; 

,800 0008 

. 7 

707 32(K; 

, 7 

778 0022 

7 

7,80 81)38 

. 7 

S06.9454 

s 

7()7 7‘.)91 

.S 

778.9407 

1 8 

700 (1823 

.8 

801 2230 

.9 

70S 0777 

.9 

770 2103 

9 

700.3000 

.9 

,801. .3025 

3.0 

70S 3302 

7 0 

770.4078 

11.0 

700 0304 

13 (1 

,801.7810 

.1 

70S 0047 

.1 

779.7760 

1 

700 0170 

1 

,802 030,3 

_2 

70S 0133 

_2 

780 0340 

jy 

701. l!Hi.3 

.2 

802 33,81 

3 

700 1018 

it 

780 


701 47.30 

.;i 

802 0100 

.4 

700 4704 

.4 

780 0120 

.4 

701 7,330 

.4 

802.80,32 

.a 

700.74S0 


780.8003 

. ') 

702 0321 

5 

,803.1737 

.)> 

770 (4271 

0 

781 100(1 

.0 

702 3100 

() 

,803.4,322 

.7 

770 3000 

.7 

781.4170 

. 7 

702 ,3802 j 

7 

,803 7308 

S 

770 5Si.) 

.K 

781.7201 

.8 

702 .8077 ' 

s 

.804 .(K)03 

.9 

770 8031 

.9 

782 0047 

,0 

703.1403 

.9 

.804 .2870 



APPENDIX 


1.147 


TABLE FOR CORRECTION OF GASES—Continued. 


t. 

7G0x (] + ()() 

Ib.O 

S(M. 


.1 

,S(M. 

8440 

.2 

SOS. 

123,7 

.3 

SOS 

4020 

.4 

SOG. 

6800 

.T) 

SO') 

0,701 

,6 

SOb, 

.2370 

.7 

8(W 

,5102 

.s 

80(i, 

,7047 

A) 

807, 

0733 

J7.0 

S07 

.3518 

.1 

S07 

.0303 

_2 

807 

00.80 

.3 

80,8 

1,871 

1 

SOS 

4000 


SOS 

7445 

.0 

SO!) 


.7 

.800 

3010 

S 

1 800 

,5801 

.!» 

800 

. Sr)87 

IS 0 

810 

1372 

1 

1 810 

4175 

O 

1 810 

0013 

.3 

i 810 

'.)72S 

.4 

811 

2514 

. •*) 

811 

5200 


811 

,8081 

.7 

81!.' 

0870 

.K 1 

8IL> 

3055 

A) 

812 

0441 

1!) 0 

SI-.' 

02-20 

.1 

813 

-2011 

«» 

S13 

4707 


813 

7r)S2 

.4 

814 

.0308 


t. 

700X(1 + 5C 

t. 

700x(l + o'l) 

t. 

700x(l + 3«) 



“0. 


”C. 


10.5 

,814.31,53 

23.0 

824.0042 

20.0 

834.0010 

.0 

814.,5038 

.1 

8‘24 . 3427 

.7 

,834.3702 

.7 

814.8724 

,2 

8-24.0213 

.s 

834.0487 

.S 

815.1,500 

.3 

824.8008 

.9 

834,0273 

{) 

815.40-25 

.4 

,825.1784 





. 5 

825.4.500 

-27 0 

.835.-20,5,8 

‘20.0 

,81,5.7080 

.0 

825.73,54 

1 

8:55 4813 

.1 

815,0.805 

.7 

8-20.0140 

2 

835.7020 

■) 

810.2051 

.S 

,820.-202.5 

.'A 

830 0414 

.3 

810..54 30 

.!) 

1 ,820.5711 

4 

,830.3200 

.4 

.810 ,82-2-2 



') 

s;ib. :)9Hr) 

.5 

817.1007 

21.0 

820 8400 

(i 

,830 8770 

.0 

817.3702 

. 1 

8-27 1281 

.7 

s;j7.1550 

.7 

817 0.578 

2 

8-27,4007 

.s 

,837.4341 

.S 

,817.0303 

.3 

,827 0852 


837.7127 


818.2110 

.4 

827 0038 





. .') 

82.8 2423 

2S (t 

837 0012 

-21.0 

818.4031 

0 

82,8 ,5208 

1 

83.8 2007 

.1 

818 7710 

7 

,828.7004 

j) 

,838 .5483 


810 0.505 
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SWISS 

449, .527 
19.58, 460 
2123, 460 
3740, 471 
4412, 400 
49,84, 473 
12728, 517 
13695, 530 
16077, .501 
18042, .517 
19135, 1087 
22080, 486 
30322, 10,84 
30768, 1075 
40994, 758 


CANADIAN 

021.88, 987, KXll, 
02831, 1087 
03101, 987, 1001 
06000, 1080 
70038, 106.8 
83099,1089 
85922, 1068 


DANISH 

2.5,58, 987, 1001 
2030, 987, KKll 

32.5.8, 1103 
JiUl. 12, 1897, 

10,55 


HC.NGARIAN j 

.liin. 9, 1.890, 

105.5 

8(.p. 22, 1899. 

1103 

Nov. 12, 1903, 

ICHiO 

Mur. 22, 1901, 

1075, 1084 
Aug. 31, 1,898, 

1001 


ITALIAN 

265, 400 
3.50, 479 
17844, 460 
22,840, 460 
27943, 471 
31932, 460 
33347, 1055 


JAPANESE 

16247, 760 
18600, 760 


LUXEMBOURG 

3302, 1004 
3361, KKll 
,5235, 1087 
5236, 1087 
5329, 1009 
7010, 987 


MEXICAN 

8179, 700 


NORWEGIAN 

7010, 1001 

89.58, 1103 


PORTUGUESE 

2325, 1055 
2899, 987, KKll 
2930, 987, 1001 
447.5, 1066 


RUSSIAN 

3201, 1001 

337.8, KKll 
2000, 10.55 
,5075, 247 

781.8, 2.54 
88,55, 2,54 
8893, 2.54 

11492, 991 
12019, .590 
Apr. 24, 1890, 10.5,5 
Aug. 14, 189.8, 987, 
1001 

Oct. 14, 189,8, 987 
1001 

Mar. 10, 1901, 1071 


SWEDISH 

Apr. 30,1800 
1 1657,T103 
19295, 1069 
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Aljule, 

Al)(li'rliiil(len, 1!)7. 

Alxierlialdcii and (J. ]5ros- 
sii, 1«7, 

Al* lerlialduii and II. Dean, 
1!)7. 

Al)derhald(>n, K., and J. 
Sojinler, li)7. 

AU'I, ~T6, 7s:i, 7SH, 82!I, 
S!IS. 

Al)cl, I'., 22, 2-1. Td, 122, 
1)16, (HiS. 

Alx'l, I''., and .1. Dewar, 
1128. 

AlH'lli, M., lid,). 

Able, 1026. 

Almey, 871, 88-1, 

Miy.'K,, 708. 

.IciienKCsrdlscliad Dyna- 
n.it NciIk'I, 51. 

.\et. (ies. fur Maaeliinen- 
naiiierfahrikafiiin, 470. 

Aeworth,.!., 786. 841,868. 

•Vlams, W., 4dd, 770,78.6, 
870. 

A.lams A Kltiii):, 2fi2._ 

.\vlatns,VV., and 11 .McKay, 
4d2, 770. 

A.lanison, ;;r’i Sill!. 

.venthoni, ()., 782. 

Akl <‘ fur Anilin I'ab., 
so llerlin .\uUuie Co. 

Akl. (ies. Metzeler A (6)., 
702. 

.\kyn.yd,II.,and I*.Krais, 
illfl. 

.Mary and CiLiiisy, 22.6. 

.Mliany Hilliard Kail Co., 
,677! 

.Alliany Di'nUd I’iate Co., 
578i 720. 

Allxirt, K., 824, 877. 

Allxirtin, 700. 

Ale.vander, (1., .801. 

.MexanilrolT, s«: Uiida- 
kofl'. 

Ale.\ejew, tSS. 


Allaire, see Desvaux. 
Allen, A., 2(K). 

Allendorf, sec lUideloff. 
Ailiotl, J., 01, 780. 

Allison, C., 780. 

.Mslicrg, C., 102. 
Alt.liau.s3e, M,, 000. 
.Amend, 0., 1.60, 200, 770. 
American D.d.&iSclmltze 
Works, 050. 

American Viscose Co., 
1080. 

American ZyloniUi Co., 
107, 1,60, 572, 580. 
Amos, A., 002. 

.Ampere Hiectrochcmical 
Ck>., 247, 788. 

Amstutz, fy., 877, 8.87. 
.Ammiind.seu, .1., and H. 

Hasmnsaen, 407, 788. 
.Andcrnais, 4.67. 

.Miders and Elliott, 745, 
785. 

.Anderson, E., 028. 
.Anderson, W., 031. 

Audi's, L., 03, 170, 574, 
747. 

.Andre, see Curtis. 
.Animmarre, L., 782, 828. 
.Annison, F.. 200, 270, 
750, 777, 778. 
■Anlhfe.M., 781,701,880. 
Anthi's, M., and E. l.loyd, 
Ltd., ,88.6. 

.Anthony, 74, 110. 
■Anthony, F. .A., 770, ,850. 
.Anthony, II. T.. 772. 
■Antlionv, R A., 770, 8.60. 
Aimlhv', 707, 708, 700, 
801, 800, 808. 
AppleI.ree, I., 785. 

.Aran, 82)1. 

Aran, II., 7.81. 
.Arlx'zcarm.', L., 2.62. 
.Archer, ('., 780. 

.Archer, Fannie, 782, 828. 
■Archer, Fred, 782, 828. 


Archer, S., 144. 
Argutensky, P., 803, 807. 
Arledtcr, F., 1102. 
Arlington Co. ,680. 
,Arling1.on Mfg. Co., .680. 
Armitage, H., 240, 780. 
.Armstrong, 272. 
.Armstrong and Tildcn, 
240. 

-ArnaU'lon, J. J., 17. 
Arnold, A., 201. 

Arnold, (1., A. Fox., .A. 
Scott, and H. Rolxirls, 
485, 790. 

Arnold, Scotland llohcrts, 
50. 

.Arnost, .A., 708. 

.Aron, 11., 620. 

.Arrault, sec Sehmerber. 
■Aslioth, 181. 

.Ashrand, 1’., 1000. 
.'Aschan, 228. 

.Aachen, 0., 228. 
Aschkinua.s, 44. 

•Ashwell, J., 1110. 
■Askhani, .sec Smith. 
.Aspinwall, 970. 

-Assadas, 252,020,757,791, 
.Asaclot, M., 025. 

Atha, B., 201. 

.Atkins, 81. 

Aul), P., 702. 

.Aulxirtiu, G., 802. 

■Auchu, IL, 908, 047. 
.Aiidemars, G., 7,82. 
■Auerbach, G,, 251. 
Aufrocht, 822. 

.Ausiten, P., 751. 

.Austen, P., and F. May- 
wald, 208. 

Austen, Maywald and (lo¬ 
vers, 200. 

■Aihstcrweil, G., 243, 781, 
791. 

.Axtcll, see Stevens. 
Aylaworlh, ,1., 724, 781, 
1021. 
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Balwock, Ij<mar(l, and 
(’rane, 326, 773. 

Bucbracli, I)., 307, 401, 
620, 770, 7KS, 730. 

Bacon, sec Hart. 

Badiacho Aniline Ho., 240, 
241, 246, 252. 255, 732, 
700, 701, 003, Oitl, 
1033, 1030. 

Biipclilanii, r., 1.52. 

Hanrachow, (’., 3,52. 

Biiiloy, .see Lanri(!. 

Bukcland, L., 750. 

Bakliovor, 1,37. 

Biilagny, 735, 340, 344. 

Balaicl,' 174. 

Balliiano, 137, 1,33. 

Baldwin, 361. 

Bale, .527, 

Ball, (!., 262, 

Ball, 3., 201,203. 

Balalon and Bi inps, 003 

BainlH'r. ,1.. 701, 330. 

Bainlwrger aii'l Einliorii, 
131, 

Bancroft, 13, 133, 227. 
232. 

Brancrofl, 5V , 330. 

Brancrofl, W., and (1 . 
307. 

Banliepyi, sen Iley.len- 
liaiias. 

Banlock, ,1 W., 733. 

Baranelsky, 312. 

Harhoni, 100. 

Hardy, 10.56, 10,30. 

Barlow, K., 325. 

Barnodai. 764. 

Barnwell, 21, 203, 413. 

Barnwell and Rollaa<m 
207, 124, .571, 600,732. 

Barratt, A., Rslierand .A, 
Hull, 736, .343. 

Bartlett, see Sliejntril. 

Barton, .1., 600. 

Ba,sle ('hem. Works, 241, 
213, 244. 

Ba.sler,J. & Co., 211, 251, 
730, 730. 

Basselli, A., 233. 

Basselli, see Bischlcr. 

Bassett, see Balk. 

Bale, see llaiTi.son. 

Battonier, E., and B. Mich¬ 
el, 734. 

Baucht', M., 312. 

Baudin, 23. 

Bauer, M., 730, 843. 

Bauer and Klein, 133. 

Baumann, 10.58, 

Baninan and Dreascr, 
1004. 

Baumgartner, A., 7.37,382. 
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Bayer, A., 753. 

Bayer it Co., 72, 207, 7.53, 
■7,50, 730, 701, 702, 3,50, 
376, 373, 002, 093, 
lOlHl, 1005, 1010, 1014, 
1016, 1017, 1021, 1022, 
1023, KT’O, 1031, 1033, 
1034, 1035, 1033, 1040, 
1041, 1042, 1045, 1046, 
1(U7, 1040, 1051. 

Beadle, C., 46,1056, 1050, 

1000, 1101. 

Beadle, ('., and Slovens, 
11. B., 76. 

Beals, L. S.. 771. 

Beatson, 316. 

■ Ik'au, 11., 626. 

lie Beauriigard, T., 732, 
323. 

Heine, sen Bunge. 

B(irhani|), ,50, ISO, 320. 

Bechinann, 131, 211. 

Beck, 7.53. 

Heck, C., 261, 266. 

Becker, sec Eichengrun. 

Bi.ehhuld, 311. 

Beckmann and Brugge- 
in.ann, 173. 

Beckmann and Sarnn, 230. 

Bedal, A., 147. 

Behai, A., 232, 250, 730, 
700. 

Belial, .A., B. Magnier it 
('.Tisser, 210, 246, 251, 
733. 

Beilstein and h'. Seelhcim, 
7.53. 

Beitlich, 717. 

Bell, see Hake. 

Bell, (1., Oil, 066. 

Bellamiinow, 310. 

Bellet, 4.53. 

Beloc. 320. 

Heliiliuuhek, 137. 

Bcltzer, 20, 4.53, .525, 
.544, 1010, 10.56, 1031. 

Bcmlierg, J., 407, 1005, 
1006. 

Bemiint, 173, 170. 

Bendiy, .see Eisenmann. 

Bcnecke and Bischer, and 
,1. Frank, 734. 

Benedict Its, M., 261. 

Bengs, sec Faustcin. 

Benjamin, G., 623, 624, 
770. 

Bennctr, H., 425. 

BcnnnU, S., 41.5, 737. 

BensingiT, A., 74.5, 776. 

Ben,singer, F., 573. 

Bcnte, 4. 

Bentley, 326. 

Bentley, G., 208. 


Bentley, H. A., 779. 

Benziiignr, sec Tiller. 

B6rard, B,, 24, 299, 363, 
413, ,571, 699, 732. 

Berenguer, E., 493. 

Bergier, L., 430. 

Bergmann and .Junk, 52, 
023, 077. 

Bergroth, see Knmppa. 

Bergs, E., 240, 246, 780. 

Beringer, (1., 70.5, 320. 

Berl, E., 20, 500, .536. 

Herl and Butler, .55. 

Berl and h'diliir, 34. 

Bcrl and Klaye, 33, 30,62, 
31. 

Her! tind Smilh, 36, 31, 
117, 1003, 1004, 1006, 
1007. 

Berlin Aniline Co., 240, 
241, 250, 203, 660, 730, 
340, 007, 1024, 1025. 

Bernaduu, ,1., 041. 

Beniadou and F. Brown, 

002 . 

Bernanl, 11., .5,51. 

Bernstein, 11., 50, 500, 
510, 510. 

Bernstein, R., 7.34. 

Bernthsen, 10.50. 

Bens, E., 730. 

IJiTsin. 723. 

Berslein, 702. 

Bertlielol, 1, .57, 173, 134, 
240. 

Berthelot and Hihan,. 
240. 

Berthon, R., 3.S2. 

Kertrain and Walhaiim, 
230. 

Bitz. 753. 

Berzelius, 340. 

lie Besancle, see Trihouil- 
let. 

Hcs.si,‘mcr, 31,5. 

Bo.st, T., 623, 6,37, 7,31. 

Bdlhisy, L., 318, 401, 628, 
773,'770, 730, 733. 

Bdthisye.s, Jto.se, 620. 

Bdthisy, I.., and ,Soc. M. 
Rose A Co., 76,5. 

Bevan, .see (Voss. 

Bichcl. C., 041, 047. 

Bickford, Spooner & Py¬ 
roxylin Mfg. Co., ,50. 

Bicnert, 322. 

Biermann, J., 403, 737. 

Bierry and (liaja, 312. 

Bigelow, 810. 

Bigelow, L., 211. 

Bigelow, S., 813, 81,5. 

Bigelow and Gemberling, 
45, 810, 813. 
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Bigelow and Maynard,816. 
Bigelow, ftee Maynard. 
Billeter, 0., 241, 780. 
Billing, K., and A. Ia- 
talle, 364, 787. 
Bindachedlcr, E., 4S8. 
Bingham, 828. 

Binz, A., 1066. 

Biot, 175. 

Bischler, A., and A. Ba- 
wlli, 241, 780. 

Bishot, W. B., 783. 
Bittncrand Villodieii, 11 (>, 
787. 

Blair, 786, 8.58. 

Blake, I)., 560, 773, 783. 
Blakeley, .sec Oldroyd. 
Blakcnuin, W., 4-17. 

Blanc, 471, 480. 

Blanc, .see Blauvelt. 

Blanc, (1., 238. 

Blancpin, 620. 

Blandy, A., 361, 78.'). 
Blauvelt, L., and A. 

Blanc, 186. 

Bley. 22. 

Bloeiiinan, 808. 

Block, (i., 362. 

Bloimui, m- Krug. 
Blondetui, 480. 

Bloor, W.. 1(X)7. 

Bloxjini, A., 2.5.5, 407. 
Blueincl. 655. 785. 

Blum, 416, 801. 

B1ujih‘, .see Busch. 

Blumer. L., 750. 

Bodecker, V., 800. 
BiMllainler, wee Tra\0)e. 
B<x4iriinri‘r, A Son. 

243. 214, 2.V1. 

Bt«‘seli, K., 1001, 1003. 
1058. 

Bogert, M., 120, 775. 
Bogomoletz. 187. 
flu Boislesselin, H., and 
('. (lay, 510. 

du BoisU'sselin, IIanil.). 

Venij', 217. 

Bokorny, 45, 51. 

Bolas. .sec Self-Developing 
I’lato do. 

BoUs, T., 781, 812. 
Bolton, m; Sayce. 

Bolton, 303. 

Bolton, W., 870. 
Bonavita, .see Thomas. 
Bonavita, J., BIOS. 
Bondet, L., 765. 

Bonge, ace llassow. 
Bonjeon, 22. 

Bonnaiui, 788. 

Boniiaud, d., 352, 415, 
417, 770, 789. 


Bonneville, 50. 

Bonneville, J., 784, 820. 
Borclli, G., 815. 
Borgmeyer, d., 153, 777. 
Borgmoyer, L., and L. 

Paget, 153, 777. 

Borisch, P., 238. 

Boris-sow, 53. 

Borland, mcc Johnston. 
Borland, wee Judson. 
Borlaml, 061. 

Born, sec Hallo. 

Bomer and IJuss, 160, 
Borrmann, R.. 801. 
van Bosch, P., and A., and 
O. Miiller, 400. 

Boston Artilicial LeaUier 
do., 360. 

Bottger, 22, 810. 

Bottler, 33‘.i. 

Bouehardat, 183. 
Bouchardat and Lafonl, 
247. 

Houchaud-Pmeeh], J.. 

051, 060. 

Jkmehe, M., 785. 
Bouctiuey, 108. 
BouUlier, J., 356,533,781). 
Boiiillot, d., 534. 
Boulanger, 000, 062. 
Boule, 1., A. Hlin, A. P. 

and d. li. Teslu, 783. 
Boult, A.. 213, 362, 701. 
Boiinh'aux, J., 812. 
BounU and Verhiese, 61, 
788. 

Boiisfield, (i.. 362. 
Bousfi('ld, .1., 130, 788. 
Hourveyerl, Id. 360. 
Bowen, .s(.‘c Richard,sou, 
Uffwman, 21. 

Boyd, .see I.ainl>. 

Hraci\er, 1.., W. dollyf'r 
and -l.dassf'lls, 120,787 
Bracconju't, 571. 
Braconnat, 21, 51. 
Bradhury, R., 103. 
BrarUord Dyers Associa¬ 
tion, 370. 

Bradford, R., .and (I. 

Rawlins, 320, 787. 
Brady, d., 776. 
Brandenberger, Id, .505, 
701, 1003, 1005, lotto. 
BraiuieiilK'rger, .1., 421, 
.50.5, 781, 701, 1103. 
Bnisch, W., 104. 
Brochnor, 806. 

Bn'dt and v. Ro.senlH^rg, 
238, 230. 

Bnunen Troekt'njdat ten 
Fa'irik B. Klatte, 843. 

Brentinh ^ 61 . 


I Breteu, P., and I^eroux, 

! H., 253. 

Brctin, M., 815. 

Brouer, E., 487. 

Brewster, Jl., 784. 
de Brialies, G., 117, 407, 
620, 700, 701, 861. 
Bricm, H., 176, 207. 
Brigalent., 363. 

Briggs, ,sRc Balston. 

Briggs, 8CC dross. 

Briggs, 50. 

Briggs, J., 10.58. 

British GlanzsUjfT, Ltd., 
407, 563. 

I British Xylonite do., .see 
I Goldsmith. 

1 British Xylonite do., .572, 

■ 707,785. 

Brockaway, ,1., 000 . 
Brockliaus, 201. 

Brodlmck, d., 485, 785. 
Brohn, J., 754. 

Bronnert, 18,32, 151,407, 
500, 502, 553, 508. 
Uroimort and Freiuery, 
407. 

Brorin(*rt, I'^iemery and 
Drlxin, 502. 

Bronnert, Id, and T, 
SclihmiU'rger, 130,485, 
787, 788. 

Brooks, 11., 764. 

Brooriuin, R., 783, 820. 
Brossa, sec -Uiderhalden. 
Broughton, 172. 

Brown, .see H<’nuulou. 
Brown, A. Id do., 80. 
Br(»wn, li., .572. 

Brown, M., 715, 770, 
Brown, 1., aial A. San- 
! horn, 730. 773. 
i Bruhl, 183, 18], 210. 

! Bniley, 28. 

1 Bnnieau. 062. 

Bnining, .see Meisier. 
Brunner, .1., and ('. 

Klary, 785. 

Bruno, .521. 

Brunswig, 10. 

Bruylants, 11!). 

B 17 ' M., 813, 700. 
Brydges, K., 784. 

Buchner, Id, and J. Me.>- 
inliedraer, 102 . 

Buck, d. V., 781. 

Bucklin, 330, 

Buckst^ib, B., 307. 
Buckouet, O., 402. 
Bumcke, (1., and U. Wolf- 
fenstein, 000 . 

Biime, F., 1011. 

Bunipus, 804, 806. 
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Kunn, L., 09!), 782. 

Bunti, 22S. 

Bunti'oc'k, .sec Wilt. 
Buntnick, 190!»; 

(lo Bufon, (’.. 72:), 779. 
Biii'foril, S., 181. 

Bviniliaiii. S.. 092. 

Burr, W'., 300. 

BuiTill, 1’., 323. 

Buri'i)iicli.“, 1!-, ■‘'f* llytO' ■ 
Burrows, W^, 301. 

Burton, 273. 

Busculioni. I.., unil 1 olluc- 
ci, 790. 

Buscli, 7,)3, 703. __ 

Bu.scli anil Bluino, <08 
Bus.sc, 797, 798, 801. 
Bush, Iv, no, 787, 788. 
Bussy, BhiUipc, au'l Bus- 
jjy, -11T), 7S7. 

Butler, H.. .see Herl. 
Butlernw. 183. 
Butterworth, 11., rv Isons 
Co., 371. 

Bultner, (i., and .1. Nf'i- 
nmii, 0, !)92. 


Ciuloret,i;.,302,114,181, 

■185, 491, 7,80, 787. 
Cailoi'ot it Delgraile, 484. 
029. 

('udoi'ol. ^ 

('alu>ui>, 149, 172, 1< 1. 

(‘uin. J., 

Ciiinis, Wc'Ikt. 
(‘aldwell, S19, S2:i. 
Cnliiwell, W., 781, 8,12, 
841. , ,, 

California rotvJer to., 
‘.«9. 

Callcnherg, K.^2,10. 
CaniOrclin, 81.3. 

Caninlx'll, .t., 1031. 
(’.{inanl, 1'., 408, 78.1. 
Canliclil, Wh, 799. 

Canlu, K., 11. MifdiorcUi. 

amt (1. Mallei, 703. 
Capp, F., 731. 779. 
Cardarct, .see Cadotet. 
Carneiro, 00, 01, 121. 
Caruoy and I.<-brun, 802, 
de Carolles, 49. 

Carpenter, W., 420, 033, 
728, 73.3, 737, 774, 77o, 
776. 

Carr^, B., 908. 

('arter, .see New Kjci)1osivcs 

Curtwri(jhl, M., .371, 782. 
Cai'y, I'h, 701, 774. 

Case, 363. 

Casein Co.. 703, 789, 
Caspari, 810. 
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Ca.ssella, B. & Co., 7.12. 
Cassclla, B., see Vipum. 
(lassells, .see Brachcr. 
Casson, T., 020. 

Casthclaz, J.,^ and 4. 

Dcpoully, 336. 

Castle, 417. 

tiathclincau, II. and A. 
Floury, .319, 703. 

Cave-Browiic,H., 019,789. 

Cazeneuve, 1’., 484, 489. 
Cellonitc Co., .380. 

Celluloid (!o., .372, 57.1, 
.377, 379, .380, 749. 810. 
Celluloid Mft;. Co., ,373, 
r)79, 7S1. 

Ccllulnid Varnish Cb., dOO, 

(Vlluloid Zapon ('o., 'Mn. 
Cellulose I’roduct.s Co,, 
1008. 

Chadeloid Co., 203. 
Champion, see Iliamanli. 
Chanard, .‘V., 702, i92, 
1009. 

Chancel, 170, 178, 18-, 
183, 

Chauilelon, T., .331. 
Chaplet, A., 4__59^ 
Chapman, 187, .380. 

[ Chapman and v8nnlh, 18.1. 

! ('linnnhls. E., 787 


Chanlonnet, 44, 43, 02, 
74, 78, 90, .331. 
de Chanlonnet, .V.. 19.3,_ 

(le Chardonnet, 11., 4.)i, 
400, 471, 489, 191.492, 
770, 777, 778, 784, i8.), 
780. 

Chart rey, .see Boncle. 
Chattawav, F., 171, 
ChauU't.J.. 2.33, 498, 788, 
802. 

('haviissien. II.. .317, 1081. 
Cheethain, .B, 782. 828.^^ 
Chis'tham, .B, and 1- 
Southworih, 7.82. 

Chem. lull), .\k1ien, 211. 
Clieiii. h'ahi'ik. (ireisheini 

J'ileklron, 2,32, 2.39,791. 
Chem. Fal). v. Ileyden, 
213, 210. 247, 248, 790, 
791. , 

Chem, Fal). Bienaii A ( o., 

242. 

Chem. Fal). Sandoz, 211, 

243, 790, 

('hem. I'al). W’eik'r Ter 
Meer, 249, 2.39, 2.32. 
Chemical Factory “llo- 
ra,” 1039. 

Chertier, we Nicolardol. 
Jill. 


(ihevrcau, M., 821. 

Chickcrinc, C., 081, 7i0, 
Chillis, E., 703. 
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bveturinp (’o., 004. 
Sweeny, P., 773. 
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Tophain. C., 1072. 
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Torlolli, M., 621, 790. 
Towndrow, 737. 

Townend, W., 478. 
Townsend, and A.Rol- 
lason, 783. 

Traet.ta-Mosca, see I'atc^r- 
no. 

Transparent (’ellulose 
Products C'o., 322. 
Traquair, .see ('rows. 
Tracjuair, 1009. 

Traube, 183, 184, 185, 
227, 220, 232. 

Traulx; and Bodlander, 
206. 

Trauzl, 045, 

Travis, W., 362. 

Trench, 061, 0G2. 

Trench, Faurt^ and Mack- 
ie, 061. 

Trcetcd, sec Kendall. 
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Tribouillet, V., and A. do 
Bosancle, 107, 622, 774. 
Trimble, H., 215. 
Troquenet, C., 626, 629, 
790. 

TromsdorR, 183. 

Trotman, 425. 

Trowbridge, 44. 

Truchol, 458. 

Tacheuscher, 303. 

Tubby, 796. 

Tuebben, see Friedliindpr. 
Tueblxsr, seeFriendlfijider. 
Turgard, 469, 622, 777. 
Turin, M., 574. 

Turk, II., 518, 778. 
Turnhbut, sec Lccmana. 
Turpin, M., 962, 967. 
Tuteur, E., Bird W, 
Cioullx)ume, 360. 

Tyler, K., 13. 

Tyrcr, C!., 130. 

Tyrer, T., 822. 

Udransky, L., 211. 

Ujbely, sec Field. 

UIpx, (1., 20« 

Ullstein, F., 419, 784. 
Ulrich, .see Ley. 

Ulrich, M., 328. 

Ulsp.r, 997. 

United Artificial i^ilk (V) . 
8.S3. 

United F.ast dolor Eyelel 
Co., 735, 789. 

Uriian, see Fremery. 
Urlain. sec Verley. 

Utz, 768, 769. 

Vajdafy, A., 490. 

Valenik, see Eder. 
A^alenta, 304. 1003. 
Valenta, 833. 

Valenta, E., 885, 897. 
Valette. R., 4,88, 401. 790. 
Vallee, see llelbronner. 
Van Geison, 803. 

Van Gelder, 70. 

Van Ticghem, 100. 

A'an AVinkle, A., ,301. 

Van AVinkle and T(k1c1, 
414, 786. 

Veley, V., 172. 

Vellutnokl Paper Co., 419. 
Vclvril Co., 412, 789. 
Vendar, V., 1,57. 

Vender, V., 137, 781, 958. 
Vorbiese, see Bouret. 
Vereinigte Olanzstoff- 
Fabriken, 497, .503, ,562, 
564, .565, 792. 

Vereln, Glanstoff Fab. 
Akt.-Gea., 524, 1005. 


Vereinigte Kunstseide 
Fab. Akt.-Gca. Kelstor- 
Irach, 522, 680, 791, 
881, 1062, 1068, 1069. 

Vereinigte KunstHeitien- 
labriken Frankfurt, 485 
526, 562, 564. 

Verley, 248. 

Verley, A., E. Urliain, and 
A. Feige, 243, 780,790. 

Vernieeacli, J., 499. 

Vemy, see du Boistesselin. 

Verona Chem. Co., see 
AVack. 

Vezes, M., 273. 

Adallanes, 800. 

Vieille,25, 26, 28,31,900, 
962. 

Vieweg, .sec AVi.acelhau,i. 

Adeweg, 7. 

Vieweg, W., 10,58. 

Vignes, spf Lagneau. 

Vignon, L., 2, 30. 32, 15. 
.51, 62, 487, 1044, 10.5S, 
1077. 

Vignon, L., and L. Ca- 
sella, 1,8. 

A'ignon and (Kirin, 57, 
1(M)3, 

A'ignon and Sisley, 60. 

A'illedieu, sec Bittjier. 

Vincent, 810. 

Adrehow, 1. 

Viscose Syinlicate, Lid , 
and C. (Voss, 1070. 

Viltenet, II., 481, 780, 
790. 

Vogel. E., 788, 837. 

Vogel and Cadoret, 4,85. 

Adiight, 574. 755, 789. 

A'oigt., A., 116, 780. 

A'olkinann, F., 899. 

A'olkiner, 747. 

A'ollenbruch, 837. 

Volney, 780. 

A'ossen, L., 1066. 

Aiulean Coptier AVorks, 

202 , 222 . 

Wachendorff, 339. 

AVack, A., 241, 780. 

Wack, -A., and Verona 
Cliem. Co., 243. 

Waddell, see Gentieu. 

Warldell, M., 532, 1070, 
1081, 1083. 

AVaddeU, R., 911. 

AVadsworth, G., 781, 943, 
957. 

AVagner, 24.5, 277, 1023. 

AA^agnerand Prickner, 245. 

AVagner anil Saytzeff, 187, 
213. 


Wahl, 574. 

Waite, C., 1(M33, 1064, 
1065, 1066, 1090, 1093. 
AA'albauin, see Bertram. 
AValdcn, AV., 402, 779. 
Walker, see Mork. 

Walker, G., 156, 778. 
AValker, H., 781. 

AValker, W., 19, 801, 987. 

994, 1013. 

Wall, R., 784. 

AVallach, 0., 240, 246, 
334. 

VVallner, .1., 394. 

Walton, F., 361, 783. 

Ward, J,. 642, 777. 
AVBrli.sh, F., 786. 

Warren, II., 30. 

Waterbury Idirrel Foun¬ 
dry & Machine ( o.; 912, 
9l'l 

Wall, 42,5. 

W a.viic, -re Dielz. 

Weill- .or Cro '.s. 

W(4iei. 16, 119 
Weber ( , sec Franken- 
liiirg 

Widier, ( ., 9,Sii, 1002, 
1003 1109. 

A\ (‘III 1,1'., and .A. Cairn,i, 
1108. 

Weber, ('., and ( . Cro.ss, 
987. 1001, 

Weber. Cros.s and Frank- 
enbnrg. lOOl. 

Webster, 3. 

Wederhake, 458. 

Weels'r, R., 361. 

Wegelin A Ilnbner, 279. 
Weichardl. Vi., 197. 
Weidmannund Schweizer, 
228. 

Weigert, 803, 807. 

W idler ter Mecr, 2,56. 
Weingarlshofer, 829. 
AVeintraub, see Lunge. 
Weizmann, see I'dicdl. 
Weizmann, (b, 241, 242, 
240, 247, 780, 790, 791. 
Weizmann, C., & Clayton 
Aniline Co,, 791. 
Welling, W., 682. 
Wellington, ,1., 787, ,837. 
AVelwarl, 335. 

AVend, G., 240. 

Werner, F., 421, 423, 786. 
Wesscl, II., 950. 
AVestergren, see Strehlen-_ 
crt. 

Wcsterfm’n, .1., 10,59. 

AV esffaliHeh-Anh.alisehp 
I Sprengstoffe A-G, 947. 
1 AVosthoff, see Ost. 



Wpston, 457, S20, 622, 
776, 784. 

Wctherill, 176, 177. 
Wetter, 72 
WoyganR. (J., 361. 
Whitcomn, see White. 
White, sec Schiipphaun. 
White, L., and K. Whit- 
coml), 775. 

Whitefield, L,, 428,785. 
Whitohouso, 574. 
Whitfield, G., 791, 881. 
Whitney and Ober, 3. 
Wiebeliti, H., 821. 
Wiederhold, 0., 356, 780. 
Wilcox, F., 941. 

Wiley, H., 944. 

Wilison, E., 815. 
Wilkening, L., see 0.st. 
Wilkineon, E., 549. 

Will, W., 46, 53, 71, 7,53, 
974. 

Will and P. Lenze, 58. 
Willcox, 50. 

Williams, see Parkin. 
Williams, 414. 

Williains, Dr, Edward 1)., 
305, 840. 

Williams, E., and M., anil 
0. (!. Moy, 786. 
Williams, .1., 785. 
Williams, M., «cc Wil¬ 
liams, W. 

Williams, W., 228, 957. 
Williams, W. ,1., 925. 
Williams, W.. and M.and 
(’. May, 308. 
Williamson, R., 803. 
Willock, G., 202. 

Wilson, see Gourtavdd. 
W'ilson, see Greenish. 
W'ilson, 216, 266, 270, 
300, 344, 799. 

W'ilson, A., 782. 

Wilson, L., 791. 


KAHE INDEX 

Wilson, W., 418, 775,784. 1 
Wilson and Story, 365, 
784. 

Winderling. 669. 

Windisch, K., 179, 192. 
Winkler, Crompton and 
Howell. 574. 
W'inogradoff, 187. 
Winsoorough, R. H., 773. 
Winterbottom, G., and 
Egerton, J., 1106. 
Wintersteiner, 808. 

Wirth, 76. 

Wiscelhaua and Vieweg, 
1058. 

W'ise, W., 418. 
iVisser, IJeut., 962. 

Witt, 458. 

W'itt, 0., 882, 1066. 

Witt, 0., and A. Bunt- 
rock, 1109. 

Wittowsky, C., 395, 785. 
W'ittstein, 188. 

Witz, G., 81. 

Witz, M., 8. 

Witz and Osmond, 8. 

Wohl, 758, 999, 1037. 
Wolf, G., 446. 

Wolff, J., 1109. 

WollT iS; Co., 963. 

WollT and Foorstor, 168, 
900. 

W'lillTenstein, sec Bumcke. 
WollTenstein, R., 410. 
Wolfram, 40. 

Wolfshohl, U.,n4, 790. 
W'oltcr, 1.., 764. 

W'oltereck, C., 1084. 
W'oltereck, II., 487. 

W'ockI, see Hyatt. 

W'ooil, .we Steven.s. 

W'oixl, (1., 785, 844. 

Wood, W, H., 778. 

W'oikI, W., and G. Gill- 
more, 679, 777. 


11S5 


Wood and Stevens, 370. 

Woodbridge, R., 1004, 
1006. 

Woodley, see Steam. 

Woodman, D., 489. 

Woodward, G., 627, 780, 
789. 

Woodworth, 799. 

Wordle, 458. 

Worthley, A. J., 783, 829. 

Wotherspoon, W., 1008. 

Wright, C., 503. 

Wurtz, 174, 176, 186. 
213. 

Wyman, A., 675. 

Wyman & ^ns, 979. 

Wynne, F., and L. Powell, 
457, 784. 

Wyschnegradsky, 178, 
187. 

Wyes, H., 461. 

Wyss-Naef, 44. 

von Wyss, H., H. Herz- 
feld, and 0. Rewidzoff, 
212 , 

Zand, 321^ 

Zander, 183. 

Zanschirm, H., 767. 

Zeidler, H., 784. 

Zeise, 1059. 

Zeitler, 678. 

Zcitscliel, 0., 246. 

Zeller, (!., 1.53, 777, 778. 

Zclletoff Fabrik, Waldhof, 
786. 

Zimmerman, see Hage- 
mann. 

Zingler, M., 207, 364, 784, 

Ziihl, E., 2,53 , 254 , 2,55 
626,779,788,789,1010 

Zuhl & liisemann, 253 
2.54, 2.5.5, 1010. 

Zulkowsky, 1008. 

Zwick, H., 318, 1028. 
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“ A ” scnsitzer, 87S. 

" A ” turpentine, 272. 

Alx'l lieut test, (MitI, 979. 

— signilicancp of, 979. 

.Mx'l’s metluKl, nitriiting by, 73. 

.\ciicia, 2(ii). 

Accumulutor, Hiblie, nifr. of, 574. 
Aeetol, 149, 159, 1.53, 485. 
.Acetulileliyile, 537, 571. 

At'Clainide, 193, 987, 1015. 

Aeelftiiiliile, .5l>, 193, 2,50, 9,87, 1013, 
.\cetiiU.' brun/Jnj' liniiiils, 1028, 

Acetate luc(Hio)'s, 1027. 

—, acetylene tetrachloride, 1028. 

—, chloroform, 1028, 

Acetiite of lime, brown, 217. 

—, (tray, 217, 

Aiietates, itiixcil, 304. 

Acetate silk, 1032. 

—, jcfractivity of, 1035. 

—, stmnsth of, 1035, 

Acetate wire, 1029 

— , cstiniation of, 1031. 
Acctlienzenesnlfi-Ximiil, 2.50. 
Acetdicidorhydi'in, 151, 2.53. 

Acetic .acid, .53, 157, 2(50, 2(59, 44!). 

— (glacial), 1(57. 

Acetic anhyilride, recovery of, 1002. 
Acetic collodion. 358. 

Acetic ether, sec ethyl acetate. 

-, dciudiirant in mfr. of, 1141. 

Acetin, 1034. 

Acetoacetic ether, .see ethyl acctoacctate. 
AcctochlorhydroHC, 2.5(5. 

Acetohiide, .5(5, 252. 

Acetone, 125,145.149,100, 902. 

Acedone Daner yeast fermentation, 193. 
Acetone, English rcciuiremcnts for, 41. 

-, flash point of, 1144. 

-. manufacture of, 1.52. 

Acetone, recovery of. 923. 

solubility celluloid in, 755. 

Acetone oils, 1,52, 303. 

Acetone oils, purification of, 152. 
Aceto-nitrates, 117. 

Acetonyl-glycerol, 244. 
Acetochlorhydrin, 250, 1022. 


Acetonitrate plastics, 1012. 

Acetophenon, 252, 1(11,5. 
Acetpnenetidines, 252. 
Acet-p-phenetidin, 2.52. 
Acet-p-toluenesulfamid, 2.56. 

Aeetylatcd castor oil, softener, 1033. 
Acetylated diglycose, 980. 

Aeetylatcd oxycellulose, 990. 
Acetylbenzyl-o-toluidine, 1034. 
Acetylcellobiose, 990. 

Acetylcellulose, see cellulose acetate. 
Acetyl chloride, mfr, of, 989. 

Acetyl diamine, 2.50. 
Aootyldiphenylaraine, 249. 

Acetylene blue 6B, ,548. 

Acetylene blue 3U, .548. 

Acetylene pure blue, 648. 

Acetylene sky blue, 548. 

Acetylene tetrabromide, 172. 

Acetylene tetrachloride, 171, 852, 987, 
1005, 1014, 101.5, 1027. 
Acetylhydro<3cllulo8e, see hydr(x:ellulose 
acetate, 250, 1018. 
.\cetylphenylnaphthylamine, 249. 
,\c<dylidine tetrachloride, 171. 
Acctylphenyltolylaminc, 249. 
p-Acetxylid, 258. 

Acctyloxyccdlulose, 256. 
Acetyl-p-oxyplicnyluretlianes, 207. 
Acctylparactnoxyphenyl urethane, 259. 
Acetylparaoxyphenyl urctlutue, 259. 
Acetyl salicylic acid, 207. 
Aeetyltolylxylylamine, 249. 
Acetyltriehloranilide, 252. 
Aeetyltrichlomitranilide, 2.52. 
Acetyltrichlor-o-phenylenediamine, 252. 
.Acetyltriethyl citric ether, 2,59. 

Acid (nitrating), aeration of, 134. 

—, calculation, Redpath method, 138. 

—, clarification, 132. 

—, composition, calculation of, 138. 

—, denitrating, 137. 

—, fortification of, 132. 

Acid (nitrating), mixed, denitration, 137. 
—, mixing, 135. 

—, —, du Pont apparatus for, 135. 

—, mixing scales, 135. 
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Acid, nitrogen oxides, removal from, 134. 

■—, recovery of, 132. 

—, waste, renewing electrolytically, 137. 
—, weakening of, 134. 

Acid (nitration), concentration by elec¬ 
tricity, 117. 

Acid brown, 451. 

Acid cellulose, 485, 770, 990. 

Acid, determination of, 70. 

Acid green, 451. 

—, 0, 732. 

Acidity, determination in cellulose ni¬ 
trate, 972. 

Acid-moistened collodion, 49. 

Acid rosamine, .547. 

Acid violet, 451, 547. 

—, 3BN, .548. 

—, 4HN, .548. 

—, 7B, 548. 

Acid yellow G, 732. 

Acid/a, tunicin in, 1. 

Acids, protecting cloth against, 72. 

Acme pivint remover, 204. 

Aconital collodion, 823. 

Acridine, 832. 

Acridine chloride, 193. 

Acridine yellow, 4.51. 

Actinoid polyps, 090. 

Ad-el-itc, 264. 

Adhesives, celluloiil, 730. 

Aclhesive cotton, 37. 

Ailipocelluloses, 4. 

ASsciilin, 877. 

.Agar-agar, 268. 

Agave flower stems, nitration of, 01. 
Agave plant, nitration of, 00. 
Agricultural implements, coaling, 344. 
Alabaster, imitation, 693. 
d-Alanine, 196. 

Albaline, 880. 

Album, covers, making, 420. 

.Albumen, 19, 479. 

Alcohol, see ethyl alcohol. 

—, defiusclation of, 177. 

Alcohol dehydration. 903. 

Alcohol, denatured, flash point of, 1144. 
—, detection benzene in, 169. 

—, distillation of, 922. 

Alcohol from wood, 18. 

Alcohol, gauging, 1138. 

—, purity of, 42. 

—, recovered, gauging, 1135. 

—, recovery of, 1133. 

—, —, apparatus for, 781. 

—, rectification of, 906. 

—, redenaturing, 1138. 

—, restoring, 1133, 1138. 

—, solid, 1035. 

solubility of camphor in, 236. 

—, solubility of halides in, 154. 
Alcyoniura corals, 690. 

Alcyonoid polyps, 690, 

Aldehydes, 758. 


Aldeaters, 153. 

Aldoses, 58. 

Aleppo pine, 238. 

Algae, action of, in decomposing cellulose 
nitrates, 52. 

Alizarin casistant, 368. 

Alkali-cellulose, 10, 1055, 10.57. 

—, storing, 1077. 

Alkali cellulose xanthic acid, 1060. 
Alkalinity, determination in cellulose 
nitrate, 972. 

Alkaloids, denaturant in mfr. of, 1141. 
Alkonnet, 824. 

Alkylamine, as cellulose solvent, 515. 
Alkyl carljamates, 2,59. 

Alkyl citrates, 259. 
Alkylnaphthylamines, 2.52. 

Allantoin, 824. 

Alligator hide, imitating, 395. 

Alloxan, 824. 

Allyl acetate, 182. 

Allyl alcohol, 1,82, 263, 265. 

Allyl cinnaimte, 399. 

Allyl malonato, 399. 

Alum-lurmatoxylin, 803. 

Aluminum, 960. 

Aluminum bisulphite, lOli!). 

Aluminum bromide, 625. 

Aluminum chloride, 487, 625. 

Aluminum, fineness, determination of, 
316. 

Aluminum formate, 246. 

.\luminum lij’droxidc, 339. 

Aluminum iodiile, 625, 

Aluminum, manufacture of, 315. 
Aluminum mordants, 11. 

Aluminum oleate, 263, 756. 

Aluminum paint, 308. 

—, flush point of, 1144. 

Aluminum palmitate, 263. 

Aluminum, powdering, 315. 

Aluminum ricinoleate, 629. 

Aluminum resinate, 264 , 7.56. 

Aluminum ricinates, 029. 

Aluminum silicate, 339. 

Aluminum stearate, 7.56. 

Aluminum sulphate, 029, 761, 1068, 
1089. 

Amanita phaUouiea, 814. 

.\mbcr, 334. 

Amber, imitation, 691. 

—, —, bars of, 638. 

—, —, rods of, 638. 

—, mottled, imitation, 691. 

Amlierite, 959. 

American cottons, 10. 

Amidase, 197, 231. 

Amide powder, 899. 
n-Amido-n-biityric acid, 194. 
Amidocelluloses, 9, 620. 
a-Amido-t»ovaleric acid, 194. 
p-A'midophenetol, 2.52. 

Amidosulfbenzoic acids, 256. 
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Ammo-nitrocellubse, 4S9. 

Aminopheoolf 1014. 
l-a-Aininophen3^1ftcetic acul, lOG. 
Ammonia, neutralizant in nitration, 119. 
Ammoniac, 334. 

Ammoniacal copper oxide, stalnlity, in< 
creasing, 510. 

Ammonium acetate, 2G5, 003. 
Apunonium arsenate, 56. 

Ammonium bromide, G25. 

Ammonium carbamate, 120. 

Ammonium carbonate, 5G, 

Ammonium caseinate, 2GS. 

Ammonium chloride, 025, G74. 
Ammonium chromate, 5G. 

Ammonium citrate, 56. 

Ammonium iodide, 625. 

Ammonium iotlide aa denaturunt, 1129. 
Ammonium nitrate, S99, 994. 

—, as (lenitrifier, 4SS. 

Ammonium orthopJiospliaic*, 56. 
Ammonium oxalate, 120. 

Ammonium palmitale, 5G. 

Ammonium percldorate as sta))ilizer, 
510. 

Ammonium pennanganate stabilizer, 
510. 

Ammonium pliospliate, G23, 674. 
Ammonium picrate, 877, tJ36, t>67. 
Ammonium pyrotartratc, 5t), 
Ammonium su(Tiimt(‘. r)!19. 

Aiiimoiiium sulphate, 191, 507, 1050, 
1063. 

Ammonium sulphide, 4S7. 

—, os denitrificr, 487, 490. 

Ammonium sulphocyanide, G28. 
Ammonium tartrate, 56, 9GS. 
Ammonium viscow', 1077, 1100. 

“ Amor]>h(nis cellulose,” 71S. 
Amphibian’^, lunicin in, 1. 
AniyiacelAUiilide, 252. 

Amyl acetate, 147, 213, 527. 
n-.\m 3 'l acetate, 213. 
tcr-Amyl acetate, 213. 
AmylaceUit.e,l)ot.toins, roads made from, 
220 . 


—, cleaning bruslios with, 22S. 

—, determination of, 35S. 

—, duty on, 228. 

, examination of, 233. 

—, flash point of, 1144. 

—, “ high boiling,” 204. 

Amyl acetate lac<]uers, 3(X). 

Amyl acetate lamp, 214, 228. 

Amyl acetate manufacture, acetic acid 
recovery, 223. 

—, aqueous distillate, 220. 

—, bottoms, 220. 

—, cold process, 214. 

, charging tlie still, 215. 

—, first fraction, 219. 

—, m'lky fraction, 224. 

—, oily distillate, 223. 


Amyl acetate manufacture, scheme of, 
225. 

, second fraction, 220. 

Amyl acetate, moisture in, 224. 

—, preparation of in lalwratory, 213. 

—, properties, 227. 

—, qualities of, 213. 

—, quantitative determination, 233. 

—, redistillation of, 224. 

—, tests for, 233. 

—, usee, 227. 

—, yiehls in manufacture of, 224. 

Amyl acetoacctate, 153, 304. 

Amyl alcohol, see also fusel oil. 

Amyl alcohols, 186. 
n-Amyl alcohol, 186. 

Amyl alcohol, acidity in, 212. 

—, amyl esters in, 211. 

benzine in, 211. 

—, colwlt reaction with, 207. 

—, commercial uses, 207. 

—, constants of, 187. 

—, determination of, 189. 

- detection of, 187. 

formation from tsoleucine, 193. 

—, increasing dynamic energy of, 207. 
isomeric forms of, 175. 
origin of name, 174. 

—, rotation of, 175. 

—, solubility in, ethyl alcohol, 188. 

—, water, 188. 

—, tests of purity, 211. 

Amyl angelate, 140. 

Amyl l)eiiz()ate, 147. 

Amyl butyrate, 147, 227, 265. 

Amyl caprate, 170. 

Amyl ciirl)amate, 259. 

Amyl carimnilatc, 259. 

Amyl carlx)nate, 155. 

Amyl clilonicetatcs, 150. 

Amyl chloral, 150. 

Amyl chloride, 150, 848. ■ 

Amyl dichloracetate, 150. 

Amyl diphcnylaniine, 207. 

Amyl esters, solubility of, in water, 227. 
Amyl ether, see Amyl oxide. 

Amyl formate, 147, 155. 232, 370. 

—, textile finish with, 233. 

Amyl iodide, 207. 

Amyl ketone, .see di-n-amyl ketone. 
Amyl monochloracetate, 150. 

Amyl naphthoxylacetate, 255. 

Amyl nitrate, 149, 150, 207. 

Amyl nitrite. 149, 150. 

Amyl nitrophihalate, 175. 

Amyl oxide, 148. 

Amyl phthalate, 250. 

Amyl propionate, 227. 

Amyl silicate, 307, 491. 

Amyl succinate, 256. 

Amyl-sulphuric acid, 216. 

Amyl tiglate, 149. 

Amyl trichloracetate, 150. 
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Amyl valemto, 147, 148, 265,. 

Amyl valerianate, see amyl valerate. 
Amylene oxide, 152. 

Amylene hydrate, 187. 

Amylic ferment, 11)0. 

Amylic oxide, 150. 

Amylic. vibrio, lUl. 

Amylidendietbyl ether, 150, 255. 
Ainyliileiidimethyl ether, 1^, 249, 255. 
Amijlohactcr, 190. 

AmyUthacter hiUyricuRy 197. 

Amyloid, H. 

Anartliritic collodion, 823. 

Angelic acid, 1007. 
Anliydrofonnaldel^ytleatiiline, 1012. 
Aniline, U.5, 240, 203, 404, 597, 747, 
8(r2, 1015. 

Aniline black, .524, 1024. 

Aniline chlorkle, 1003. 

Aniline oil, 803. 

Aniline oxalatfi, 50. 

Aniline sulphate, 1007. 

Animal collulosi*w, see Cielluloees, animal. 
Animal silk, 510. 

Anim^, 339, 429. 

Annattn, 329. 

Antacids, 596. 

—, for cellulose nitrate, 595. 

Antacid, urea as, 596. 

Anteplielidieum colhxlion, 823. 
Anthoniol, 149. 

Anthracene dyestuffs, 1024. 
Anthracjuinone, 150. 

Antifouling composition, 208, 327. 
Aniifouling ]>ain1, 327. 

AntimonouH salts as denitriders, 48S. 
Antimony iKmliisulpliitle, 369, 431. 
Antimony tannate, 9. 

Antipathes coral, 691. 

Antipyrin, m dimethylphenylpyrazolon. 
Antipyrin salieylule, 258. 

.\nti(]uc leather, 396. 

Antique ware, lacquering, 345. 
Antiseptics, 327. 

Antiseptic eollojlion, 819. 

Apex paint remover, 264. 

Apiol. 235. 

Apocynacete family, 17. 

Apple, pectoceilulose in, 4. 

Aragonite, G94. 

Arclier’s collodion proce.s8, 828. 
Archerotyjx* process, 828. 

Archil, 121, 331. 

Argentine, 308. 

Arislol, 31^. 

Arlington paste, 38, 704, 

Armenian pai)er, 322. 

Armure textile, 10<S7. 

Army Powder Factory (U. S.), 937. 
Army rifle powder, .30-cal. U. 8., 953. 
Arsenous oxide, 453. 

Artificial arrack essence, 147, 

Artificial bristles, 525. 


Artificial brocade, 421. 

Artificial camel's hair, 404. 
Artificial chamois, 401. 

Artificial coral, 690. 

—, producing, 352. 

Artificial cork, 4 (Xj. 

Artificial feathers, 410. 

Artificial fillers, 521. 

—, dyeing, 543. 

Artificial filaments, 454. 

—, acidity in, 488. 

—, alkaline copper on, 558. 

—, ammoniacal nickel on, 558. 

—, ash, 559. 

—, bleaching of, 491, 545. 

—, breaking stressc's of, 552. 

brilliancy of, 556. 

—, linicine on, 5.58. 

—, cellulose acetate, 1032. 

—, (3iardonnet, .543. 

—, chemical [iropertioH of, 557. 

- chromic acid on, 558. 

—', covering power of, 556. 

(li’ospin, 480. 
ciipranunonium, 497. 
cuprammonium on, 558. 
detects of, 556. 
denitration of, 487. 

—, dctermitiation presence of, 500. 
diazolized colors on, 548. 
diphcnylamino on, 558. 

- dlphenylamin(‘ tesl, 556. 

—, distiuginshing liotween, 560. 

—, durability of, .552. 

—, Du Vivior, 479. 

—, dye absorption of, 543. 

—, dyed, variation in shade, 544. 
—, dyeing by machinery, 546. 

—, dyeing, fastness, 545. 

—, —, sulphide colors, 545. 

—, elasticity of, 552. 

—, elongation of, 555. 

—, Folding’s solution on, 558. 

—, filx^r elongation of, 552, 

—, finishing, 485. 

■ formation electrically, 539. 

' GlanzstotT, 543. 

—, liarclening, 520, 528. 

—, heating to 200°, 559. 

—, high gloss on, 52G. 

—, hygroscopicity. 559. 

—, increasing brilliancy, 532. 

—, iodine on, 558. 

—, Ijchner’s process, 471. 

—, luster of, 547. 

—, manufacture in Italy, 565. 

—, microscopical differences, 550. 
—, Millon’s reagimt on, 558. 

—, moisture in, 546, 5.55, 559. 

—, nitric acid on, 558. 

—, nitrogen in, 560. 

—, Pauly silk, 644. 

—, polarization of, 551, 
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ArtificitJ filaments, polarized light, action 
of, on, 651. 

—, potafflium hydroxide on, 557. 

—, production of, 562. 

—, properties of, 549. 

—, properties of Lehner, 478. 

—, reactions of, .549. 

—, rendering uniform, .531. 

—, rigidity, increasing, 1023. 

—, softening, 491. 

—, solvent recovery, 492. 

specific gravity of, 556. 

—, spinning, 526, 781. 

—, strengthening, .538. 

—, tenacity, 5,52, 556. 

—, tensile strength of, 552. 

—, testing, 557. 

—, Thiele apparatus, 511. 

—, uses in lace manufacture, .561, 

—, uniformity, increasing, 529. 

—, uses of, 561. 

—, viscose, 1077. 

—, world’s output of, 562. 

—, zinc chloride on, 5.57. 

Artificial foil, 524. 

Artificial fruit flavors, 147. 

Artificial fur tails, 409. 

Artificial gorse, .521, 

Artificial hair, 521. 

—, human, 524. 

Artificial hemp, .521. 

—, producing, 108-1. 

Artiificial Item, 687, 763. 

—, Harvey process, 687. 

Artificial horsehair, cuprammonium cel¬ 
lulose for, .507. 

—, dyeing, ,549. 

Artificial horsehair from grasses, 8. 
Artiificial jet, lacquers for, 314. 

Artificial lace, .524. 

Artificial lace fabric, 423, 

Artificial leather, 360. 

—, antique, 396. 

—, bronzing, 396. 

—, calendering, 390. 

Artificial leather cements, 423. 

Artificial leather, cheaitening, 399. 

—, classes of, 388. 

—, cloth, cleaning of, 375. 

—, —, coating of, 378. 

—r-, —, (hying, 371. 

—, —, inspecting for, 375. 

—, —, measuring, 374. 

—, —, stitching of, 377. 

—, compositions tor. 385. 

—, deodorizing, 308. 

—, emboasing, 390. 

—, Field’s formula for, 368. 

—, liand-decorated, 394. 

—, insecticides for, 399. 

—, iridescent, 389. 

—, Kennedy’s formula for, 369. 

—, matte, producing, 389. 


Artificial leather, mission, 389, 396. 

—, pin holes in, 379. 

—, preservatives for, 399. 

—, production of, 399. 

—, rosin in, 389. 

—, “ sheen ” effects on, 396. 

—, “ shimmer " effects on, 396. 

—, smootching, 395. 

—, solvent, recovery of, 387. 

—, spangled, 389. 

—, Spanish, 396. 

—, uninflammable, 307. 

—, varnishing, 393. 

—, viscose.- for, 1100. 

—, viscose in, 1103. 

Artificial lint, .521. 

Artificial patent leather, 40-1. 

, us(;s, 405. 

Artificial rasplx-rry, 147. 

Artificial ribbons, dyeing, .549. 

Artificial nun os.-ionce. 147. 

-trtificial sealskins, 409. 

Artificial silk, .see artiliciid filaments. 

—, 458. 

—, finishing, 792. 

Artificial silk hats, 649. 

Artificial silk, lehner process, 472. 

—, spinning, 792. 

Artificial sole leather, 401. 

Artificial strawberry, 147. 

Artificial tissues, 4.5tl. 

Artificial tidxis, dyeing, 54t). 

Artificial yelvet, 4'22. 

Artificial whalebone, 521. 

Artiaeta, 501. 

Asl)esto.5-Bakelitc, 700. 

Asl)estos filter, 4.54. 

Asitestos fl(tur, 629. 

Asbestos, spinning, ,536. 

Asclepediadeat family, 17. 

Asclepias silk, see Silk asclepia.s. 

Ash, detenninalion in celluhtse nitrate, 
972. 

Ash trays, celluloid, 7‘28. 

Askau prints, 880. 

Asparagine, 193. 

Aspartic acid, 197. 

Asphalt, 344. 

Aspergillus niger, 52. 

Asplmlt celloidin injtadion, .809. 
Astringent collodion, 820. 

Atlas orange, 4.51. 

Auramine, 329, 330, 343, 390, 451, 
1025. 

—, II, .548. 

—, G, ,548. 

—, 0, 548. 

Auramine collodion, 878. 

Aurantia, 330. 

Aurantia collodion, 878. 

Aurine, 3.'?0, 343, 396. 

.turophenine 0, 549. 

Aurum, 308. 
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Austrian blasting gelatin, composition, 
946. 

Austrian powder, 901. 

Awnings, viscose coated, 1105. 

Axite, 937. 

Aso blue, 330. 

Azo yellow, 451. 

— 1, 548. 

— 0, 548. 

B Powder, 900, 901, 962. 

B. N. Powder, 900, 962. 

UnciUus amyhihnr.lcT, 197. 

Hacillm buiylirm, 182, 190. 

BwiUlui mcseniprirwi vulgaBts, 191. 
liucillwi orlhohutyricus, 190. 

Bakelite, 335, 758. 

Balances, lacquering, 329. 

Balls, .see golf, billiard, ping-pong. 
Ballistic cotton, 37. 

Ballistitc, 621, 900, 926, 928. 

—, microscopic structure of, 927. 
Ballistite shotgun powder, 952. 

Uallistite smokeless shotgun powilcr, 
955. 

BaUiHtite tostint!, 981. 

Balloons, celluloid sheets for, 070. 

—, colIcKiion in Tnanufacture of, SIIO. 

—, lacquer for covoriup, 297. 

Bull's puint remover, 204. 

Balsam of fir, 300. 

Balsam Peru, 147, 251, 819. 

Balsam tolii, 147, 251, 317. 

Bals}ims, 305. 

Banana liquid, 30S. 

Banana oil, 226, 308. 

Banana essence, 227. 
lianknotcs, pegainoidiiiR, 751, 

Barium acetate, 265. 

Barium amyl sulphate, 175. 

Barium butyrete, 598. 

Barium caprylate, 321. 

Barium lactate, .598. 

Barium naphtholate, 241. 

Barium nitrate, in powders, 9t)l. 

Barium perlwrate, 152. 

Barium peroxide, 152. 

Barium phenolsulphonate, 1048, 10451. 
Barium phosphate, ()2S. 

Barium resinate, 203. 

Barium sulphate, 485. 

Barium sulphide, 090. 

Barium tartrate, 901, 930. 

Barium valerates, 175. 

Barometer manufacture, denatumnt in, 
1127 

Baryta paper, Webb’s matte, 893. 
Bating, 427. 

Bavarian blue, 451. 

Bayberry tallow, 205. 

Bearskin, imitating, 409. 

Beating pyroxylin, 585. 

Beaver fur, imitating, 408. 


Bedstead lacquers, 338. 

Beadsteads (metallic), coating, 332. 
Boer yeast, 177. 

Beet, pectoccllulosc in, 4. 
Belladonna plaster (Huid), 823. 
Bcllenite powder, 960. 

Bolt cement, 424. 

Belting, viscose coated, 1105. 

Bonzal aleoliol, 203. 

Benzaldedyfle, 253, 537. 

Benzamide, 50. 

Bonziinilid, 154. 

Itenzene bromides, 259. 
lienzeme eliloridos, 259. 
lienzenc, flash point of, 1144. 
Benzene nitrobroniides, 2.55t. 
Benzene nitr(X*liloridcs. 259. 

Benzene sulphamide, 241. 
B(‘nzon(‘sulfanilid, 250. 
Benzenesiilfoacidphenyl etlier, 256. 
Benzenosulfo-p-chloranilid, 250. 
Bonzenosulfo-;)-cresol, 25(). 
Henzpno.Hulf(Kliplienylamin, 250. 
B(!nzencsiilfoetliylamid. 250. 
Benzenesulfcxdhylanilid, 256. 
Bonzonosulpho-motlivlanilid. 250. 
Benzenesulphonic acid, 1033. 
Benzenosuiro-,'?-naphtliol, 256. 
BoTizenosulfo-o-phoiiotiilin. 2.5tb 
BenzonoHuIfo-p-pheiH'tidin, 25(i. 
BenzoncsulbwMolnid, 250. 
Honzonesulphfitnid. 250. 
iienzenesulpho-<r-naph11iyianiin. 25t 
Benzcnesu!pho-,^-naphtliylanu!i, 251 
l^enzenyltnchloramidiiu*, 255. 
Benziein, 256. 

Benzidine, 308. 

Benzidine clilorido, 1063. 

Betizil, 252. 

Benzine 02'’ lOt). 

B(*nzine 71'’ Be, 109. 

Benzine, 272, 3()7. 

—, denaturaiit, 1114. 

dctemiining in larquor.s. 3.59. 

—, flash point of. 1144. 

—, inamifacturo, etc., 10!). 

-, non-inflammal>le, 109. 

tests for purity, 1110. 

Hfnzo brilliant f>!ue ()H, 548. 
Benzoehlorhydrin, 151. 
ikmzcxliaootin, 151. 

Beiizo fast red, 54S. 

Benzo fast searlct, 371. 

—, 4BS, 548. 

- 8BS, 548. 

—, (IS, 548. 

Benzo green, 371, 548, 

Benzoic acid, 682, 704. 

Benzoic anhydride, 258. 

Benzoic ether, srr ethyl Ix^nzoaie. 
Benzoin, 252, 305, 334. 

Benzol, 203. 

Benzol as denatiirant, 1127. 
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Benzol, flash jioint. of, 1144. 
Benzolsulphonic acid, 998, 999. 
Benzoinonoocetiii, 1,11. 

Bonzonaphthol, 258. 

Benzophenon, 2,52. 

Benzopurpurine, 371. 

Benzoyl alcohol, 263. 

Benzoyl aniline, 154. 

Benzoyl diamine, 2,50. 

Benzoylguaiacol, 2.58. 
Benzoylbenzenesulfamid, 250. 
Benzoyltolueneaulfamid, 250. 

Benzyl acetate, 173, 251, 399. 
Benzyl!M!Ctpent:u;iiloranilidc, 252. 
s-Bonzylacctyltetraciiloranilide, 255. 
Benzyl alcohol, 148, 263. 
Beuzylaminolienzyl alcohol, 251. 

Benzyl IwnzoaU!, 147, 148, 251. 
Benzylljenzoyltetrachloranilide, 255. 
Benzyl carl)amate, 2.59. 

Benzyl cinnamale, 148, 251. 
Benzyldihdrocarvone, 1011. 
Btmzylethenyltotraciiloramidin, 250. 
Benzylethenylt richloramidine, 255. 
Benzyletliyl alcohol, 190. 

Benzylelhyt ether, 251. 

Benzyliilene acetone, 2.52. 

Benzylidene diacetale. 25.5. 

Bonzylidene <liace(ie caler, 254. 
Benzylidene diiicetoiiceUite, 255. 
BenzylideiK'-Rlyeerol, 244. 

Benzylidene inonoacetooeelate, 255. 
Benzylinethyl ether, 251. 
Benzylnaphthalins, 255. 

Benzyl nitrochlorides, 259. 

Benzyl oxanilale, 2,54. 
Bcnzyltrichloraniidin, 2.50. 

BcrRamot jxiar oilor, 188. 

Berizmann and ,lunk tc.st, 909, 973. 
Berlin blue, 330. 

Bernadou powder, 941. 

B<‘rry’s Best paint remover, 220. 
Besanjon silk, 400 
IV'tol, 258. 

Bichromate silk, 518. 

Bichroiio, 144. 

Bicycle flames, celluloid coverinps for, 
647. 

Biebrich scarlet. 330. 

Billiard lialls, celluloid, 720. 

—, coatini;, .578. 

—, imitation ivory, 082. 

—, laciiuerinjz. 350. 

—, rotundity, test for, 727. 
Binitrobenzene, 1.54, 

BioloRy, cellulose nitralc In, 793. 

Bioscs, 25, 990. 

—, nitric esters of, 58. 

Biose octanitrafes, 58. 

Btsaccharides, 58. 

Bismarck brown, 330, 396, 451, 1024. 

—, GR, ,548. 

Bismuth chloride, 521. 


Bismuth iixlide, 521. 

Bismuth h'ctophosphatc, 599. 

Bitters flavors, sobacates in, 148. 

Black coral, 691. 

Black lacquers, 343. 

Bladder, in cult manufacture, 703. 
BlastiuK gelatin, 940, 909. 

—■, Austrian. 940, 948. 

—, Italian, 948. 

—, .Swiss, 940. 

Blasting raatagnite, 904. 

Bleached cotton, nitratcil, constants of, 
82. 

Bleached shellac, 33.5. 

Bleaching, by chlorine, 584. 

—, by permanganate, 5,84. 

— cotton, 81. 

Blending, 124 

— of cordite, 931. 

— powder, ir25. 

Bliss torptalo, !)05. 

Bliatciing collodion, 810. 

Blitz paint remover, 204. 

Blocking collodion pre,ss, !1I2. 

Blood vessels, celloidin injection of, 81)9. 
Blown oils, 367, 431, 

Blue elephant bronze, 313. 
Bohin-Fredersdorf distillation niethoil, 
181. 

Boils, collodion for, 825. 
lioinlMix cotton, «r Colton Bonibax. 
fiomhiu imilandrum, 17. 

Bone, .solvents of, 082. 

Bonnets, imitation, .571. 

Bonsilale, 082. 

Book covers, celluloid irdaiil, 098. 
Book-cloth, viseo.se for, lilt). 

Book printing, eiulajssing celhiloi.l in, 
078. 

Books, pyroxylin covering for, 327. 
Borax, 19. 

Bordeaux (i, 4.51. 

Boric acid, 303, 338. 

Borides, 090. 

Borneo camphor, 2:10, 237. 

Bomeol, 230. 

Borneol butyrate, 240. 

Borneol, oxidizing to camphor, 781. 

—, pn'paring, 2t.5. 

Borneol propionati', 240. 

Bornyl cldoride, 241. 

Bornyl formate, 24ti, 247. 

Bornyl isobutyrate. 247. 

Bornyl oxalate, 247. 

Bornyl propionate, 247. 

Boroid, 748. 

Borosilicidc, 430. 

Boston paint remover, 204. 

Bottle capping, viscose for, 1093. 
Bottles, capping witli opaque pyroxylin 
609. 

Bower’s test tor fusel oil, 211. 

Boxes, celluloid coated, 659. 
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Boxes, celluloid for, 723. 

—, celluioi(j inlaid, 698. 

—, celluloid, making, 633. 

Bracelets, celluloid inlrid, 608. 

Bruin (luimun), celloidin impiegnatioo 
of, 797. 

Brandy flavors, .s(‘bucctcs in, 1-1S. 

Brazil wood, 331. 

Biiizilian cotton, see ('olton Bruziluin. 
Briancon turpentine, 309. 

Brilliant azurine, 548. 

Brilliant Uuizo blue OB, 5-18. 

Brilliant cnK’oine, 5-t7. 

Brilliant dianil red R, .549. 

Brilliant j'eranine B, 548. 

— 3B, .'V4S. 

— d. M8. 

Brilliant Kreen, 330, ,548. 

— 878. 

— crystals, 549. 

Brilliant oranj 2 :e, 547. 

Brilliant phosphine (!, 548. 

—, 3(1. 54S. 

—. 5(1, 548. 

Brilliant rhoduHno B. 548. 

Brilliant rhodiiiit»‘ red, 516. 

Brilliant yellow, 879. 

Brin. 512. 

Bristles, artificial, 525. 

British pelipnite, 948. 

Broc.ade, artifieial 121. 

“ Brocaded ” goods, irniUiting, 327. 
Broinacetanilide, 252. 

Broinacet olnides, 252. 

Broniacetyl bromide, 187. 

Bnunidcs, solubility of, in alcohol, 151. 
Bronui-iodized collodion, 838. 

Bronze paint, 308. 

Bronze i>aint, flash point of, 1144. 
Bronzes, fineness, determination of, 310. 
—, manufxict^irc of, 315. 

Rronzine, 308. 

Itronzing liijuids, 30G, 308, 

Bronzing liquids, acetate, 1028. 

—, iipplication of, 310. 

—, clarification of, 309. 

—, formulas for, 314. 

—, gelatinization of, 310. 

—, (lill’s, 308. 

—, heat-resisting, 313. 

—, imitation, 314. 

—, iriilesctmt. 313. 

—, Jacobs', 308. 

—, kerosene-soluble, 314. 

—, lace, gilding of, l)y. 311. 

—, opalescence in, 315. 

—, Batat’s, 309. 

—, testing, 315. 

—, water-soluble, 314. 

Brooches, celluloid inlaid, 698. 

Brush hanilles, celluloid coated, G5G. 
Brush lacquers, 30G. 

Brushes, manufacture of, 715. 


Bfu^ing machine (for cloth), 376. 
Brussels carpet, imitation, 422. 

Buckles, celluloid, 662. 

—, celluloid covered, 651. 

—, lacquering, 331. 

Bulk powders, 941, 951. 

—, comparison with dense, 942. 

—, for siiotgun, 942. 

Bulk shotgun powders, 942. 

Bullseyc powder, 952 , 953. 

IhmioQ cvire, Kennedy’s, 820. 

Burlap wall coverings, 418. 

Huming-off lacquers, 3:i8. 

Busts (cop|M*r), lacquering, 345. 
Butaianine, 194. 

Buttons, celluloid, forming, 601. 

—, celhih»id inlaiil, G9S. 

imitation horn, 682. 

—, lacquering, 331. 

Butylacotanilido, 252. 

Butyl acetates, 231, 302. 

Butyl alcohol, 150. 
n-Butyl alcohol, 184. 

Butyl imgclate, 149. 

Butyl benzoate, 147. 

Butyl butyrate, 147, 149. 

Butyl carbanilatc, 259. 

Butylchloral hydrate, 253. 

Jiutyl fonnate, 147. 

Biitylpentyl ketone, 151. 

Butyl phthalate, 256. ; . 

Butyl succinate, 256. 

Butyl valerate, 148. 

Butyric aithyilride, lOOO. 

Butyric acid, 53, 2(i(). 

Butyric ether, see idhyi butyrate. 
Butyron, 151. 

Butyryl chloride, 1006. 

C. L. powder, 964. 

(ladimum bromide, 625. 

(Jadmium chloride, 625. 

Cadmium iodide, 625, 627. 

as denaturant, 1129. 

(lalcic alcoholatc, 628. 

(-alcium acetate, 598, 994. 

Calcium arseuitc, 628. 

(’alcium bisulphite, 1009. 

('alcium bromide, (325. 

(’alcium butyrate, 598. 

(’alcium camphorate, 598. 

Calcium caprvlate, 321. 

Calcium carbonate, decomposition of 
cellulose nitrates by, 53. 

(’alcium chloride, 318, 625. 

(’alcium chloride, uses of, 222. 

(lalcium cyanide, 260. 

(’alcium homocamphorate, 239. 

Calcium iodide, 625. 

Calcium lactate, 598, 599. 

Calcium laciophosphate, 599. 

(’alcium linoleate, 321. 

I (’alcium naphtholate, 240. 
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(/alcium oleate, 321. 

Caloittin m-oxytetraethyldiamidotri- 
phenylcarbidrid disulphonate, 1120. 
CaJciuin phenolate, 240. 

Calcium propionate, 508. 

Calcium rcsinoleatc, 321. 

Calcium sulphide, 600. 

Calcium valerate, 508. 

Calendering, 390. 

Calico printing, celluloBc nitrate in, 327. 
—, viscose in, 1107. 

Calming collodion, 823. 

Camel’s hair, artificial, 404. 

Camera, moving picture, 867. 
Campeachy wood, 331. 

Camphene, 153, 236, 240. 

— hydrate, 243. 

Camphene hydrochlorate, 258. 
Camphogine, 620. 

Camphor, 235, 290. 

—, advantages as nitrocellulose solvent, 
249. 

Camphor and carbon bisulphide, 146. 
Camphor and carbon tetrachloride, 146. 
Camphor and chloral, 146. 

Camphor and chloral hydrate, 146. 
Camplior and shellac as solvent, 146. 
Camphor and sulphurous acid, 146. 
CamJ)hur, artificial, 237. 

—, as denaturaiit, 1127. 

—, clarification of solutions of, .587. 
(tamphor collodions, 200. 

.Camphor, combining solvents with, 14.5. 
—, combining with pyroxylin, .581. 

—, crude, 235. 

—I —, impurities in, 236. 

—, —. refining, 236. 

Camphor crystallization, 235. 

Camphor, determination of, 768. 

—, estimation of, in cellulose acetate 
plastics, 1037. 

—, first use of, as solvent, 570. 

(tamphor gelatins, 048. 

(tamphor, ignition tem]x;rature, deter¬ 
mination of, 770. 
infillmmability of, 236. 

—, latent solvent iioint lowered by 
chloral, 116. 

Camphor laurel, 235. 

Camphor, in. Jit., lowering of, 257. 

—, mixing with pyroxylin, 5S7. 
Camphor monobroniide, 2,50. 

Camjibor nitrate, 756. 

Camphor oil, see oil of camphor. 

—, light, 236. 

Camphor, purification of, 235. 

—, powdering, 236. 

—, preparation of, for celluloid manu¬ 
facture, 586. 

—, resublimation, 235. 

—, solubility of, 236. 

—, solvents of, 752. 

—, sp.gr. of, 236. 


Camphor substitutes, 248. . 

Camphor, synthetic, 237. 

—, tests for, 238. 

—, use of, with alcohols, 573. 
Camphorated collodion, 749. 

Camphoric acid, 238, 239. 

Camphoroids, 235. 

Camwood, 331. 

Canada balsam, see balsam fir. 

—, 819. 

Canary II, 8,32. 

Canella, 451. 

Canes, celluloid-coated, 656. 

—, coating, 347. 

Cane-sugar nitrate, 58. 

Cannon powder, formation, 917, 918, 
Cannonite powder, 9,59. 

(tanonite powder, 95i). 

Cantharidal collodion, 816, 823. 

—, uses, 824. 

Cantliariilatod collwlion, 823. 
Cantliaridin, in collodion, 817. 

Canton flannel, imitation, 404. 
(taoutchouc, 553. 

Capric acid, 177. 

Caproic acid, 177. 

Capron, 151. 

(taiiroyl alcohol, 187. 

Caprylic acid, 177. 

C^Bidea, pyroxylin, 323. 

“ Carat ” lac(|ucrs, 330. 

Carbamic esters, ‘207. 

Carbides, 090. 

Carliidc black R, .548. 

(tarbohydratos, nitrates of, 58. 

Carbolic acid, see plicnul. 

Carbon bisiilpiiide, 262. 

—, flash point of, 1144. 

Carbon filaments, cellulose acetate, 
1034. 

Carlion paper, glazing witli (lyroxvlin, 
326. 

Carbon tetrachloride, 170, 203, 206. 272, 
087, 005. 

—. soluliilily of resins, in, 170. 
Carborundum, 436. 

Carbuncular sores, collodion for, 818 
Card cases, celluloid slieel, 673. 

—, making, 420. 

Card trays, celluloid, 728. 

Carding machine, purifying cotton by, 
70. 

Carmine, .824. 

Cavnaulia wax, 262. 

Carnetian, imitating, 6t)4. 

Carrara marble, imitating, 692. 

Carriage leatlier, 405. 

Carriage-top clotii, 405. 

Carrot, jxictoccllulo.se in, 4. 

Cartriclgcs, for smokeless jxiwdcr, 9,53. 
—, waterproofing, 413, 751. 

Carvol, 140. 

Carvone, 1011. 
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Caryophyllene, 149. 

Casein-creoaotc filamonta, 519. 

(?aat'in fiiamcnts, 518. 

Casein filamentB, 1084. 

Cascinales, 2GH. 

Casein-jiuaia‘lil filaments, 519. 
C’asein-phonol filaments, 519. 

(’ascin plastics, 763. 

—, uses of, 765. 

Casein silk, 51S. 

Casket trimmings, lac(|ucrs for, 344. 
Castor oil, 253. 

—, aid as })yroxylin solvent, 146. 
Catechu, 331. 

('athoter, cclhiloid, 729. 

Caustic coll^Klion, S23. 

Cauteria paint n'liinver, 264. 

(Vlar wood, imitating, 415. 

(k'lakut, H24. 

(Vilestron silk, 1032. 

Cellit, 853, 987, 1016, 1022. 

—, pn)]x*rties of, 1019. 

—, uses, 1020. 

(Vllitp, 1016. 

('cdlitli, 1016. 

Cellobiose, 990. 

(Vllodino, 749. 

(Vlloidin. 38, 606, 719, 793, 794. 

—, air hubbies in, 79S. 

(Vlloidin bath, 796. 
eviloidin, rutting in, SOI. _ 

—. emlx'dding delicate obiects in. 79S 
—, eml>eddiug oinbryological specinu'n.s 
in, 799. 

—, omlKHlding eyes in, 799. 

—, cmlxslding in, 797. 

—, eml)odding vcgetaldc nIoocUs in, 79S. 
—, hardening of, 799. 

—, —, in alcohol, SOI. 

—, —, by chloroform, SOO. 

injection masses, H09. 

Celloidin method. s('n:d sections by, S(Mi. 
(Vlloidin orientation. 79tt 
Cclloidin-paper, platinum toning of, 8-10. 
Coiloidin-paraffin emlx'dding, S05. 
Celloidin sacs, see eol!(xlion sacs, 
Celloidin sections, clearing, 802. 

—, mounting, 802. 

(Vlloidin serial sections. 807. 

Celloidin, solvents for, 7tU), 797. 

—, therapeutic uses of, 803. 

(Vlloidiniim inchusticurn, 796. 

(Vllolinc, 748. 

Cellonite, 38, 580. 

Cellose, 459, 9tK). 

evils, palisade, resistance to bleach of, 
76. 

C<’lluUde, 748. 
fVliuline, 748. 

Cclliilith, 19. 

Celluloid, see pyroxylin plastics. 

—, 38, 485, 567, 576, 748, 781. 792. 795. 
Celluloid accumulators, mfr. of, 574. 


(^Iluloid adhesives, 736. 

(Vlluloid, air bubbles in, expulsion of, 
613. 

—, analyses of sample.s of, 765, 772. 

—, ash, detcmiination of, 766. 

—, ash in, 752. 

(Vlluloid ash receivers, 728. 

CVIiuloid baiulage, 723. 

(Vlluloid bars, covering with, 651. 
(Vlluloid billiard balls, 726. 

Celluloki book covers, 698. 

Celluloid boxes, 698, 723. 

—, nuiking, 633. 

(Vlluloid bracelets, 698. 

Celluloid brooches, 698. 

(Vlluloid brushes, manufacture of, 715. 

—, Miller’s process. 717. 

(Vlluloid buckles, 662. 

(Vllulo'd buckles, covering with, 651. 
(Vlluloid buttons, 661, 698, 

(Vlluloid, carnplior in, determination of, 
768. 

(Vlluloid can! trays, 728. 

(Vlluloid cards, decorating, 732. 

Celluloid catheter, 729. 

(Vlluloid, cel)iil(»so nitrate in, determi¬ 
nation of, 767. 

Celluloid eoments. 736. 

Celluloid, cementing to hard rubfjcr, 

736. 

cementing to iron. 737. 
romenting to wood, 737. 

(Vlluloid chains, 698. 

(Vlluloki ch(*ckcrs, 6t)8. 

(Vihiloicl cliessm(*n, 698. 

(Vlluloid, clich(?-s, 710. 

(Vlluloid coating, 792. 

(Vlluloid, coating articles with, 650. 

—, coating with, 681. 

Celluloid collars, celluloid cuffs. 
(Vlluloid collar buttons, 661. 

Celluloid, collar scrap, utilizing, 620. 

—, colonxl designs on, pnxlucing, 745. 

—color printing on, 741. 

(Vlluloid combs, manufacture of, 711. 
(Vlluloid, combustion, velocity of, 753. 

—composition of, 753. 

—, conductivity of, 753. 

Celluloid corset stays, 727. 

(Vlluloid corks, 699. 

(Vlluloid erosw^s, 698. 

(Vlluloid, cnule, producing, 608. 

(Vlluloid cuffs, 600. 

Celluloid cuff buttons, 661. 

Celluloid cuffs, coloring of, 710. 

—, gloss, producing, 710. 

—, imparting flexibility to, 710. 

—, linen markings, imitating, 710. 

—, printing on, 707. 

CVIiuloid, decomposition, flameless, of 
755. 

—, decomposition of, 753. 

—, decomposition products of, 755. 
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Celluloid, decorating, 732. 

—, decreasing inflamniability of, 623. 

—, definition of, 38, 732. 

— denaturant for, 1128. 

—, denitration of, 489, 622. 

Celluloid dental plates, 719. 

Celluloid, derivation of name, 

Celluloid dishes, 727. 

Celluloid, dissolving camphor from, 7o2. 
Celluloiil dolls, 728. 

Celluloid dolls’ heads, 729. 

Celluloid, duplicate sound record, 731. 

—, dyeing, 679. 

Cpllui.iid ears, 729. 

Celluloid earrings, 698. 

{Celluloid, elsmy masses of. 736, 

—, elastic yiedding .stmngth of, 753. 

—, emlxissiiig, 07S. 

Celhdoid emery grinding wheel, 730. 
Celluloid, engravwl plate jirinting on, 
712. 

—, explosion of, 7.52. 

Celluloid eye baniiuges, 723. 

Celluloiil eyelets, 735. 

Celluloid fans, 698. 

Celluloid films, 676. 

—, for color screens, 792. 

Celluloid, finishing with, 681 
(lellnloid forks, 698. 

Celluloid, formol-albuuH'u, 761. 
glass cements for, 737. 
gold, deiiositing on, 719. 

Celluloid golf balls, 724. 

Celluloid “ gmen," Oil. 

Celhdoid hairs, 718. 

Celluloiil. laxd. 735. 

—, ignilion of, 7.53. 

—, ignition,spontaneous, of, 7.54-. 

imitating ivor;v with, 681._ 

—, imitation, Tis.sier & Magnier, 763. 

■ -. in collodions, 824. 

Celluloid, industries, history of, .574. 

—, ink for, 740. 

- , inlaid jewelry, 698. 

inlaying, 698. 

Celhdo''! insulators, 0'.)8. 

Celluloid jewel boxes, 642, 

Celluloid knife handles, 698. 

Crdhdoid lalxds, 717. ,, , ., 

Celhdoid laciiuors, .so;laciiuers, celluloid. 
-,31.8,333. 

—, analysis of, 333. 

Celhdoid lining for iiitehers, 730_^ 
Celluloid magic lantern slides, 8i0. 
Celluloid manufactiiie, history of, 576. 
—, Magnus method, 605. 

_^ Hyatt’s process, 580. 

—’ —1^ Miller nicthoil, 614. 

——, Stains’ method, G'23. 

—’ mai+ingale rings, 647. 

—, niatehes of. 1)68. 

Celluloid medallions, 689, 698. 

Celluloid mirrors, 718. 


I Celluloid mirror backs, 718. 

Celluloid moldings, 731. 

Celluloid, molding objects from, 660. 

—, mottleii effect in, 638. 

—, mounting jewels in, 715. 

Celluloid mouth whistles, 664. 

Celluloid mud guards, mfr. of, 574. 
Celluloid nail bruslies, mfr. of, 716. 
Celhdoid negatives, vandshing, 844. 
Celhdoid, nitrogen in, determination of, 
767. 

Celluloid open-seam covenngs, 646. 
Celluloid optical frame, 733. 

Celluloid packing rings, 698. 

Celluloid, paper coated, 673. 

Celluloid parlor tennis balls, 727. 
Celluloid, pastel pictures on, 741. 

-, pencil cases, 642. 

Celluloid jK-nholders, 737. 

Celluloid yx'ns, 737. 

Celluloid pessary, 729. 

Celluloid phonograph cylinders, 733. 
Celluloid piano keys, 731. 

Celhdoid pin trays, 728. 

Celluloid ping pong balls, 726. 

(Icllulnid pins, 698. 

Celluloid pistons, 6t)8. 

Celluloid plates, coating, 842. 

—, mfr. of, 669. 

Celluloid playing cards, 732. 

(killuloid, “ polka dot ” printing with, 
741. 

—, porcelain cements for, 737. 

—, porous, fonnation, 607. 

Celluloid press, 607, 721. 

Celluloid yirinting bliwks, 747. 

Celluloid {irinting inks, 741. 

Celluloid, printing on, 741. 

—, printing (transparent) on, 744. 

- , printing on textiles, 741. 

—, printing on, with bronzes, 744. 

—, yiropcrties of, 751. 

Celluloid purses, 698. 

Celluloid quills, 737. 

(killuloid, reactions of, 765. 

Celluloid records, 734. 

Celluloid rings, 647, 662. 698. 

Celluloid scrap, dissolving, 394. 

—, utilization of, 333, 618. 

(Iclluloid, “ seasoned,” 611. 

—, Reasoning crude, 611. 

—, scasoidng, McCainc method, 613. 
Celluloid sheets, balloons of, 676. 

—, binding, 673. 

—, continuous, Eiison’s method, 670. 
—, —, polishing, 678. 

—, dryuig, 670. 

~, (hill, 672. 

—, finislies on, 672. 

—, fire-proofing, 674. 

—, forming, 668. 

—, graining of, 743. 

—, pebbled, 672. 
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(’eiluloid sheets, polished, 672. 

—, polishing, 670, 676, 678. 

■—, remforw‘mcnt of, 676. 

—, scratched, sinoolhinp;, 673. 

—, seasoning of thui, 612. 

—, sowing, 673. 

—, silvering, 718. 

—, stained, 67.5. 

—, variability in thickness, overcoming, 
672. 

Celluloid signs, C73. 

Celluloid signs, infr. of, 744. 

—, weather proof, 741. 

(Jclluloul, silvering, 719. 

('clluloid, silver, depositing on, 719. 

—, softening. 619. 

—, solubility in acetone, 75.5, 806. 

—, solvent in detenuinution of, 766. 

—, “ solvent polishing ” of, 597. 

—, solvents of. 752. 

—, sp.gr. of, 753. 

(Vlluloid spcxnis, 098. 

(’clluloid, Htal)ilily of, 755. 

—, stabilizer in, determination of, 707. 
f!elluloi(l stamps, 747. 

Celluloid starcli, 099. 

C/olIuloid stays, 727. 

(Celluloid stop cocks, 098. 

(VlUiloid storage cells, 698. 

Celluloid, stratified efl'cet in, 63S. 
(VIhiloid studs, 662. 

(VlluIoi<l atuHing boxes, 698. 

Ceiluioki .substitute, 781, 792. 

—, Assadiis’, 757. 

—, (^lanard’s, 762, 

—, Ilellriegel, 762. 

—, Labb^’s, 626. 

—, Uouxeville’s, 754, 780. 

—, Stockt‘r and Lehmann’s, 762. 

—, Thornton and Seymour’s, 756, 

—, uninflammable, 626. 

Celluloid supports, 723. 

C/elluloid, surgery, uses In, 721. 

(''elluloid syringes, 729. 

Celluloid, tensile strengt»h of, 753. 
Celluloid tooth brushes, mfr. of, 716. 
Celluloid, trade mark of, 577. 

—, transferring designs to, 745. 

—, transfer pictures on, 744. 

Celluloid trays, 727. 

Celluloid tulxjs, contracting. 729. 
(^luloid, type printing on, 742. 

—, unstable, detection of, 754. 

Celluloid vastus, making, 633. 

Celluloid, veneering with, 673. 

Celluloid viilcanizcr, 721. 

O^lluloid, wan)ag<" of, 611. 

Celluloid, wasbi, camphor recovery from, 
621. 

—, recovery of, Tortclli process, 621. 
—, utilizing, 617. 

—, —Carbin apparatus, 620. 

Celluloid, water color painting on, 744. 


Celluloid, water color pictures on, 741. 
—, waterproofing explosives with, 939. 
Celluloid whistles, 664. 

Celluloid wind breaks (automobile), 672. 
Celluloid writing ink, 740. 

Cdluloidine, 962. 

Ccllulonc, 451. 

(Cellulose, see also (Celluloses. 

- 1- 

(Vllulose acetate, 1005, 1010. 

(■ollulose acetates (lower), 1025. 
Cellulose acetate, acetone-soluble, 996. 
—, alcobol-solul)le, 998, 1018. 

—, analytical, 1036. 

(Cellulose {icoiate bronzing liq\iid8, 1028. 
(Cellulose acetate, ccmionts, 73(). 

—, chemistry of. 988. 

—, chloroformic solution, viscosity of, 
988. 

(’elUilosc acetate coatings, frosted, 1021. 
(’cllulosc jicetatc, dyedf mfr. of, 792. 

—, dyeing, 78], 1023. 

—, dcl(5rmination acetic acid in, 1053. 

—, determination of, 1036. 

—, elasticity, increasing, 781. 

Cellulose acetate filaments, 1032. • 

—, microscopy of, 1035. 
softening, 1033. 

(Vllulust* aectale films, 1013, 1014. 
Cellulose acetate, from mercerized cot¬ 
ton, \m). 

—, (ieinsi)ergrr’s, 990. 

history of, 985. 

—, inflammability of, 988. 

—, insulatiiigcapacity of, 1031. 

Cellulose* acetate* lacepiers, 1027. 

, properties, 1028. 

(Cellulose acetate lako.s, 962, 996. 
CVlhilose acetates, Macejuenne and Cood- 
win’s, 990. 

—, irifr., Kocsch process, 1001. 

—, mfr. by li(*(Ie*rf’r process, 995. 

mfr. from regenerated cellulose, 
1(K)0. 

—, mfr., Strehloncrt and Ueubold meth- 
(k1, 9S7. 

mfr. with dehydrating agents, 992. 

—methods of mfr., 991. 

—, methyl fonnate with, 999. 

—, non-solvents of, 9HS. 

—, plastic, 987, 1010, 1013, 1014, 1016, 
1022. 

—, —, camphor in, estimation of, 1037. 
—, printing with, 997. 

-, properties of, 988. 

—, purification of, 1002. 

—, refraction of, 990. 

(Cellulose acetate-resin lacquer, 1027. 
(Cellulose acetate, saponification of, 1043. 

HCjMiration from formate, 1(K)5. 
(Cellulose acetate sheets, 1034. 

(Cellolose acetate silk, properties of, 
1035. 
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Cellulose acetates, solubility in ether, 
167. 

—, solubility in nitrobenzene, 990. 

—, solution of, viscosity, 988. 

—, solvents of, 987, 98H, 1017. 

—, specific inductive capacity, 1031. 

—, viscosity of solutions, 1028. 

Cellulose, acetation of, see cellulose 
acetate. 

—, acetation, inhibiting agents for, 992. 
—, acetation of, inhibiting, 987. 

—, acetation, speed of, governed by, 992. 
CeHuIoseacetolx^nzoules, 

Cellulose acetohutyrate, 1007. 

Cellulose aceto-formale, 1005. 

Cellulose acet,o-nitrates, 117, 9i)fi, 1003, 
. 1011, 1012, 1027. 

Cellulose acetopropionutes, 1007. 
Cellulose acetosulphales, 9S5, 991, 1007. 
Cellulose, action of acids on, 7, 8. 

—, action of alkalis on, 9, 1057. 

—, action alkaline sulphides on, 10. 

—, action of bromine on, 11. 

—, action of oUU»rine on, 11. 

—, action of chromic acid on, 11. 

—, aidion of dilute sulphuric acid on, 7. 
—action of hydrofluoric acid on, 9. 

—, action of licjuid nitixigen |x^ro.\i(le on. 
33. 

—, action nitric acid on, 21. 

—, action of oxidizing agents on, 11. 

—, action of pcsrnianganatcs on, 11. 

—, action of vcgt'lablc jwids (ui, 9. 

—, ammoniacal coi>js*i' solutions of, ‘198. 
—. amorphous products of, 7S. 

Cellulose and iodine, 6. 

Cellulose and water, 5. 

Cellulotie, ash in, 5. 

(^llulo5’e l)enzoat(*s, 1007. 

Cellulose, hleiudiing aft(T nitration. 81. 
Cellulose^ butyrate. 1(K)3, 1(KH>, 1010. 
Celhilo.so, catalysts for, 994. 

—, change to hydrocoUulose, th 
(’elluloao cinematograph films, watcr- 
.proofing, 862. 

Cellulo.:*^', constitution of. 2. 

—, Cross metho<i of nilTalion of, 78. 

—, cuprammoniiim solutions of, 496. 

—, cupric solvents of, 4t)9. 

—, degn*e of hydration of, 7. 

—, determination of, 1112. 

Cellulose rliformate, .see celluios(‘ form¬ 
ate. 

Cellulose, disintegration of, 78. 

—, empirical formula of, 1. 

—, estimation of, 71. 

Cellulose fabrics, acetylating, 995. 
Cellulose, factors governing nitration of, 
32. 

Cellulose films, glazing, 860. 

Cellulose formate, 781, 792, 1004, 1005, 
1006. 

—, preparation of, 995. 


Cellulose formate separation from ace¬ 
tate, 1005. 

Cellulose formate, solubility of, 1005. 

—, solvents for, 1005. 

Cellulose formo-acetate, 1005. 

(Cellulose from maize, 17. 

Cellulose, groups in, 2. 

Cellulose hydrates, 7,986,992. 

—, adsorption of NaOlI by, 1058. 

—, diffemnee from hydrocellulosee, 7. 

—, water in, 1041. 

Celluloao hydracetate, 1018. 

Cellulose, “ hygroscopic moisture ” in, 5. 
—, hygroscopicity o^ 6. 

—, imniT'gnation of, 19. 

—, in liunmn spleen, 1. 

('ellulose in nitroctdlulosc, estimation of, 
71. 

(\41ulose in tvil'jerculosis, 1. 

Cellulose, insolubility in water, 6. 

—, kind iistMl for nit.ration, 3H. 

—, mechanics of nitration of, 37. 
CelhiloHe monoformate, see cellulose 
formate. 

(Vdlulost^, nitrating, 76. 
origin of, 2. 

(Vllulow^ palmitatc, 1007. 

(Vllulose phenylaoetate, 1007. 

('ellulose, pridiininary lK>iling, 76. 
Cellulose propionut4*, 1(K)6. 

('ollulose, w'paraiioii of, 4. 

sc‘parttt ion of silica from, 5. 

(’ciluloHC silk, stmiigtli of, 1035. 

(Vllulose Hiinplest inol.wt. of, 25. 
Cellulose, " soluble,” method of produc- 
. ing, 76. 

—, sohibiliiy of. in zinc chloride, K. 

—, solution in cuprammonium, 501, 502. 
source forC’hardonnct filaments, 469. 

. structure as influencing nitration, 40. 
('Ollulosc sulphocarl)onale, see tUso vis¬ 
cose, 1055. 

(Vllulost' sulphuric Jicid, 50. 
('elliilose-sulphuric aci<l esters, 49. 
Cclhilosc*. sjmthosis of, 2. 

—, tendering of, 993. 

Cellulose totracetatc, 1003. 

-Henckel-Donnersmarck process for, 

um. 

Ceiluio8(i thi(X5arlK>nate, see aho viscose, 
('ellulose thiosulphocarbonatc, see vis¬ 
cose'. 

(’('llulose tri^icotate, 990. 

Olhilose triformatc, .sec cellulose form¬ 
ate. 

Cellulose tripropionatc, see cellulose 
propionate. 

Cellulose, U. S. Ordnance requirements, 
41. 

—, unnitrated, estimation of, 71. 

(Vilulose waterproofing preparations, 19. 
Cellulose xanthate, sec cdso Vifscose. 

—, 1055, 1050. 
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Cellulose xanthate, determination, 1112. 
—, influence excess of alkali on, 1061. 
Celluloses, .see (lUo cellulose. 

—, animal, 1. 

—, classification of, 3. 

—, description of, 1. 

—, elementary composition of, 1. 

—, nitrated, 59. 

Celluloses proper, 3. 

Cellulose nitrate, .we also collodion, 
pyroxylin, celluloid, pyralin, cclloidin, 
etc. 

Cellulose' nitrate, 24. 

—, absorption bands of, 44. 

—, aeetj^liited, 996. 

—, acidity, detection, 121. 

—, action of solvents on. .“ISS. 

action p(jlarize<l lijiht on, 41. 

—, alcohol soluble, pmpanition, 107. 

—, alkaline pnKlucts in hydrolysis of, 34. 
Cellulose' nitrate (paiwr), analysis of, 114. 
Cdhilosc nitrate, applyinp to leather. 
449. 

—, ash, d(^termination, 972. 

—, IwatinK, 5S5. 

—, bleaching, 5S4. 

—. }>lending, 124. 

Cellulose nitrate “ blf)cks,” 906. 

Cellulose nitrate capsules, 323. 

Cellulose nitrate, cas(un with. 764. 
Cellulose iiitnite “ cheese,” 906. 

Cellulose nitrates, classes producetl in. 
U.S.. 75. 

—, classification of, 2S. 

—, colloidecl, filtering, 911. 

—, colloiding, 906. 

—, —, Williams’ niOtluxl, 957. 

—, corninning with camphor, 5S7. 

—, combining with celhilo.se ari'tate, 

ion. 

—, commercial names of, 37. 

—, conversion into plasr4c, 606. 

—, coiiversion of, 168, (kni. 

—, conveyor for, 103. 

—, correct name of, 21. 

—, decomposition by denitrifying ))ae- 
teria, 51. 

—, dehydration, .see Dehydration. 

—, dehydration, 59tb 903. 

—denitration of, 473, 484, 487, 521. 

—, denitraUid, breaking strain, 552. 

—, density, 42. 

—, deterioration at a given tcmjwralurc, 
53. 

—, deterioration on storage, .53. 

—, determination acidity in, 972. 

—, determination alkalinity in, 972. 

—, determination moisture in, 972. 

—, determination of, 359. 

—, dialysis through, 45. 

—, discovery of, 22. 

—, dry, transporting, 1143. 

—, drying, 88, 130. 


Cellulose, nitrates, dryinG, Passburg sys¬ 
tem, 130. 

—> —) Quinan mcthwl, 130. 

—, duplication of from description, 38. 
—, early experiments in lilngland, 23. 

—, early cxjieriments in Prussia, 23. 

—, early exjxirimcntB in Russia, 23. 

—, early history, 21. 

—, effect of oxy- and hydro-cellulose on 
stability of, 51. 

—, effect of sulphuric esters on stability 
of, 50. 

elTect of w'ux on stability of, 51. 

—, elimination of acid from, 74. 
('clluloso nitrate explosives, powdering, 
981. 

Cellulose nitrate, extinction coefficient 
of, 44. 

Celhilose nitrate fllamcnts, .see (Uuirdon- 
net, l/'hner, Du Vivier, Cresi)in, Denis, 
(’azeneuve. 

—, breaking si rain of. 553. 

—, dry spinning, of 462. 

Lehner’s process, 471. 

CeiluUfW nitrate, filaiiientr processc's, 484. 
(’ollulose nitrate filaments, projx'rticiiof, 
470. 

—. Vivier, microscopy of, 480. 

(‘ellulo.m* nitrate films, opa<|ue, pro¬ 
ducing, 669. 

Cellulose nitrate, filter pmss for, 486. 

, filtration of, 532. 

—, first, U S. patent for, 73. 

” flakeing,” !>04. 

—, f<»r gelatin mfr., iM6. 

—, wash house for, 910. 

—, formula for producing soluble in 
othor-alcnhol, 31. 

—, from cotton dust, 106. 

—, gelatinized, microscopy of, 0(K). 

—, gt'lalinizing, 906. 

—, granulating, 943. 

heating witli jdienylhydrazine, 31. 

—, heating with p-l)r()mj)lienylhydra- 
zine, 34. 

—, highest, 25. 

homy, making, 781. 
hydrocellulow' in, 78. 

CVllulosc nitrate hydroextra(!tor, 905. 
Cellulose; nitrate, hydroly.sis (acid), 120. 
—, hydrous, solubility of, 535. 

—, hygroHCopicity of, 45. 

—, impurities, removal, 123. 

—in calico printing, 327. 

—, insolulde nitrocellulose, detcjnnina- 
tion of, 972. 

—, iron, removal of, 123. 

—, limits of ether and alcohol which will 
dissolve, 33. 

—. liquid compounds, 161. 

—, lower, propertic.s of, 117. 

—, Lunge’s work on the, 29. 

—, mfr. by Lenk'e method, 23. 
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Cellulose nitrate, mfr. of, 792, 

—, mercury in, 62. 

—, microscopy of, preparation of object, 
796. 

—, moisture, delfinnination of, 983. 

—, neutralizing with water glass, 73. 

—, nitrogen in, 115. 

—, nitrogen (low), in, 115. 

Cellulose nitrate non-solvents, 169. 
Cellulose nitrate, “ normal,” 976. 

—, of Eder, 26. 

—, optical properties of, 44. 

—, organic residue, determination, 972. 
—, oxycellulose in, 78. 

—, pharmacojwal, preparation, 115. 

—, photography, 827. 

Cellulose nitrate plastic, formation of,60t). 
C/ellulose nitrates, poaching, 76. 

—, pressums in coml)U6tion of, 28. 

—, prior treatment of cellulose on prop¬ 
erties of, 34. 

—, properties of, 42. 

—, pulping, 76, 585. 

—, purifying, du Pont melhfMl, 118. 

—, rale of decomposition of, 53. 

—. ratio of moistun> to ester groups, *16. 
—, rt'ductioii of, 487. 

—, mlation of reaction vehjcjty to 
tompwratuix*, 54. 

—, removal of oxycellulosc nitrates from, 

51. 

Celhiloso nitrate sluH'ts. continuous, S52. 
OIlulosp nilrati's, solid compounds, 1(51. 
—, Holuhh} nitrocellulose, determination 
of. 972. 

—, solulnlity, iletermination of, 62. 

—, - , (ether-alcohol), iiicmasing, 123. 

—, solui)ility in acetone, 166. 

—, solubility in chlorhydrins, 172. 

—, solubility of decomi)osition products 
— of, 53. 

—, s(>lul)i]ity in ether, increasing, 973. 

—, solubility of variations in, 47. 
(Vlluloso nitrate solutions, filtering, 486. 

filter pnimps for, 4S6. 

—, fiitn’tion of, 461. 

—. pi'eparation of, for filaments, 461. 
Cellulose nitrate solvents, acetals, 485. 

—, action and applicability of, 162. 

—, chemical comp>oBiiion of, IGO. 

—, ela.Sfios of, 159. 

classification of, 164, 

—, —, from tar, 156. 

—, —, ideal, 164. 

—, stability, influence of chalk on. 53. 

—, stability influenceil by ulmic bodies, 

52. 

—, stability of, 50. 

—, stability of from wood-pulp, 53. 
(’ellulose nitrate stabilizer, ammonium 
carbamate, 120. 

—, ammonium oxalate, 120. 

—, urea, 120. 


Cellulose nitrate^ stabilizing, 118. 

—, —, Luck ana Cross method, 120. 

—, —, Schiipphaus method, 120. 

—, stabilizing by solvent removal, 54. 
—, sulphur, determination of, 117. 

—, table of Vieillc's results, 29. 

Cellulose nitrate tuljes, 322. 

Cellulose nitrates, U. S. Ordnance re¬ 
quirements for mfr. of, 76. 

—, variation in fluidity of, 48. 

—, variations in viscosity of, 47, 48. 

—, variations in solubility of, 32. 

—, viscosity factor, 88. 

—, viscosity of, 47, 88. 

—, washing by Schaffner’s method, 74. 
—, washing of, 85. 

—, waterproofing with, 413. 

—, wet, transpifrting, 1145. 

Cellulose, nitration, 114. 

—, —, de Brialles’ method, 117. 

—, nitration by centrifugals, 90. 

—, nitration, centrifugal, 90. 

—, —, (’laessen rneth(xl, 107. 

—, —, continuous, 114. 

—, —, Crane and .loyc(5 metho<l, 117. 

—, —, determination of, 971. 

—, displacement, 96, 119. 

—, —, —, a(.vantages, 101. 

—, —, foreign IxHiies, removal, 12.3. 

—, IJemstein niotluKl, 116. 

—, —immersion of, 99. 

—, —, Luck and Ournford method, !!>, 
, neutralizing, 119. 
nitration of, Du Vivier, 479. 

—, —, hand, 86. 

—, Ijchner, 473. 

", —, prewashing, 85. 

, nitration, poaching, 124. 

—, —, pulping, 121. 

— —, Quiuan method, 118. 

—, Voigt method, 116. 

—, —, washing, 118. 

—, —, w.oshing (pressure), 119. 

—, —, washing, Uoliertson methotl, 120. 
—, —, yields, 86, 90, 101, 114. 

(kdliilose nitrites, llll. 

—, solubility, 1111. 

Celhilosc-slime, 750. 

C^^llulo silk, 511, 542. 

C'cllulolrinitrin, 856. 

('eliuvert, 18. 

949. 

(’elvis, 459. 

Cements, artificial leather, 423. 

IjeU, 424. 

—, celluloid, 736. 

—, cellulose acetate, 736. 

—, tire, pyroxylin, 424, 

C/entral nervous system, celloidin sec¬ 
tions of, 807. 

Centrifugal nitration. 90. 

Centrifuge, urinary, 63. 

Ceramics, images on, reproduction of, 885. 
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Care-cloth, 408. 

Ceresine, eee paraffin, 

Cerofinn, 357. 

Cerise, 548. 

('bace artificial leather, 370. 

Chains, celluloid inlaid, 008. 

Chalcedony, imitating, 004. 

Chalcedony quart*, 093. 

Chalk, as acid ncutralizant, 53. 

Chamois, 428. 

Chamois, artificial, 401. 

Chardonnet filaments, dyeing, 1091. 
Chardonnct filament-forming apparatus, 
403. 

Chanlonnct’s nitration process, 00. 
Chardonnet silk, 400. 

—, microscopical appearance, 550. 

—, output, 400. 

—, strength, 1035. 

Chardonnet spinning apparatus, 403. 
Checkers, celluloid inlaid, 608. 
Chessmen, celluloid inlaid, 608. 

Chicago spirits, 272. 

Chifolineis, 561. 

Chilblains, collodion (or, 824. 

Chilwortb smokeless sporting powder, 
963. 

China gneen, 330. 

(liinchilla skin, pyroxylin coated, 408. 
Chinese blue, 447. 

Chinese camphor, 236. 

Chinese gelatin, 268. 

Chinese gold paint, 308. 

Chinese wax, 205. 

Chips (poker), mfr. of, 679. 
Chloracetanilide, 252. 

Chloracetatcs, 508. • 

Chloracetatc of chloramyl, 150, 301. 
Chloracetic acids, 097. 

Chloracetyl chloride, 187. 

Choral, 146. 1011. 

Choral alcoholate, 252, 1011. 

Choral hydrate, 146, 253, 2,58, 842, 1015. 
Choral hydrate-mfr., denaturant for, 
1140. 

Chloramine orange, 548. 

Chloramine yellow, 548. 

Chloramine yellow M, ,548. 

Chlorantine brown B, ,548. 

Chlorantine brown BB, ,548. 

Chlorantine brown R, 548. 

Chlorantine lilac B, 548. 

Chlorantine lilac BB, ,548. 

Chlorantine lilac R, .548. 

Chlorantine orange TR, .548. 

Chlorantine orange TRR, 548. 
Chlorantine pink, 548. 

Chlorantine red 4B, 548. 

Chlorantine red 8B, 548. 

Chlorantine violet B, 548. 

Chlorantine violet R, ,548. 

Chlorantine yellow JG, 648. 

(^lorantine yellow JJ, 548. 


p-Chlorl)enicnesuifanilid, 256. 
p-Chlorbenzencsulfo-/?-naphthol, 266. 
Chlorbutyrates, 598. 

Chlorethanes, 171. 

Chlorformates, 508. 

Chlorhydrins, 265, 524, 947. 

Chlorinated stearic acid, 2.53, 1021. 
Chlorides, solubility of in alcohol, 154. 
Chlorine, bleaching by, 584. 
Chlorlactates, 598. 

Chlorobenzene. 265. 

«-Chlorobenzoic acid, 248. 

Chloroform, 170, 263. 

Chlorophyl, 832. 

Chlorpro[)ionatcR, .508. 
p-Chlorsulphami(l, 2,50. 

Clirolithion, 74i). 
tliromatin, 444. 

Chrome-tan leather, see leather, chrome- 
tan. 

Chromic bromide, 625. 

Chromic ohlorid(!, 444,025. 

Chromic iodide, 625. 
t'hromion, 444. 

(Ihromium mordants, 11. 

" Cliromo ” glue, 1010. • 

ChromouB salts as denitrifiers, 4,S8. 
(llironophotography, 860. 

Clirysoidinc', 330. 451, 510. 

Chrysoidine collodion, 878, 

Chrysoidiiie G, 548. 

Chrysoine, 451. 

Chry.sophonini', 330. 401. 

Cibalite powder, 004. 

Cigar tips, laccpiering, 320, 
Cinematographic bands, 702. 
Cinematogrfiphic iilm.s, preserving, 860. 

, uniuflammable, 1020. 

Cineol, 148. 

Cineone, 236. 

Cinnabar, sec mercuric sidphide. 
Cinnamic aldehyde, 148, 1,53. 

Cinnamyl l)enzoato, 251. 

Cinnamyl cinnamatc, 251. 

(3trene, 149. 

Citric acid, 200, 485, 885. 
tiitronellal, 148. 

Clamond process, 3,58. 

Claudin-Morin apparatus, 170. 
Clermonite |M)W(ler, 061,064. 

Clichfe, (X'lluloid, 710. 

Clock molding, celluloid coated, 6,53. 
Clostridium butyrieum, 107. 

Cloth, brii.shing of, 370. 

—, cleaning of, 375. 

—, coating of, 378. 

—, coating with pyroxylin, 378. 

—, dyeing of, 371. 

—, inspecting, 375. 

—, measuring, 374. 

—, moleskin, coating, 380. 

—, nitrated filter, 72. 

Cloth printing, viscose in, 1107. 
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Cloth, sateen, coating, 380. 

—, smgeing of, 376. 

—, stitching, 377. 

Clysol, 1103. 

Coal naphtha, see benzine. 

Coats of arms, producing on leather, 

39.’). 

Cobalt reaction with amyl alcohol, 207. 
Cobaltous bromide, 62.1. 

Cobaltous chloride, 152, 025, 796. 
Cobaltous iodide, 625. 

Cobaltous salts as denit,rifiera, 48S. 
Cochineal, 331. 

CochiuK vi-scosimeter, 64. 

Cochlea, celloid'ui emljedding'of, 799. 
Coggswell mill, 79. 

“ Cold bath "platinum paper, S37. 
Collars, see cuffs. 

Collar buttons, celluloiil, forming, 661. 
Collars, linen, imitation, 574. 

Collodin, 899. 

Collodine, 749. 

Collixlio-albumen process, 884. 
Collodio-broroide emulsion, 829, 838. 
Collodio-bromo-chloride emulsion, 837. 
Colloido-bromo-iodide process, 8itS. 
CollcHlio-chloride emulsion, 832, 838. 
Collotlio-chloride paper, 832. 

—, preparation of, 837. 

ColhsliiKshloride process, 836. 

—, lleidcrstadt's, 837. 

—, Vogi'l’s, 837. 

Collodio-chlorobrornide emulsion, 832. 
Collodio-citro-chlorido process, 83.5. 
Cnllodio-gelat in films, 842, 862. 
Collodion, see cellulose! nitrate. 

—, see collodium. 

-,37. 

—, aciility in, 825. 

—, analysis of, 825. 

—, analytical use, 825. 

—, anarthritic, 823. 

—, nnlephelidicum, 823. 

—, anti.septic, 819. 

- , antiseptics in, 824. 

' -, auramine, 878. 

—, anrantia, 878. 

—, ballqpns, 890. 

—, blistering, 816. 

—, bromo-iodized, 838. 

—, bunion, ,820. 

—, ('aldwell's formula, 819. 

—, calming, 823. 

—, camphorateel, 749. 

—, cantharidal, 823. 

—, cartharidated, 823. 

—, caustic, 823. 

—, chrysoidin, 878. 

—, clanfying, 821. 

—, color photography with, 878. 
Collexlion color screens, 880. 

Collodion, clouding, on evaparation, pre¬ 
venting, 821. 


Collodion, conial, 823. 

—, corrosive, 823. 

—, creo.sotea, 819. 

—, croton oil, 823. 

—, definition of, 829. 

—, developers for, 835. 

—, dialysis of pancreatic secretion 
through, 812. 

Collodion diapositives, 832. 

Collodion, dispensing, 824. 

Collodion dry plates for acid and alkaline 
development, 838. 

Collodion duplex, 823. 

Collodion emulsion, Dawson’s, 893. 
Collodion, early publications on, 815. 

—, early use of, 815. 

(lollodion emulsion, 829, 883. 

—, blisters in, 835. 

—, classihcatlon of, 832. 

—, defects in, 835. 

—, fogging in, 835. 

—, isochromatic, 877. 

—, keeping qualities of, 834. 

—, manipulation of, 833. 

Collodion emulsion negatives, intensifi¬ 
cation of, 889. 

Collodion emulsion preservative, 893. 
Collodion emulsion, printing out, 833. 

■ -, ripening of, 8.31. 

—, salts in, function of, 830. 

—, sensitiveness of, 832. 

—, sonsilizing, 832. 

—, spreading machine for, 844. 

—, stability of, ,834. 

—, streaking in, 835. 

—, trichrome, 892. 

—, unwashed, 830. 

—, uses of, 828. 

(lolkslion emulsion varnish, 893. 
Collodion emulsion, viscosity of, 835. 

—, washed, 8.30. 

—, without sensitizers, 833. 

Collodion enamel, 844, 873. 

Collodion enamel glazing process, 893. 
Collodion, epispastic, 816. 

—, ferrotype, 892. 

—, ferruginous, 82,3. 

Collodion films, see also films. 

—, manufacture, .839. 

-, physical testing of, 894. 

—, Rontgen photography, 833. 
Collodion, flash point of, 1144. 

—, fle-vile, 817. 

Collodion for double transfer from opal, 
893. 

CoUcxiion, gelatinous, 82,3. 
Colkslion-gelatin section process, 808. 
Collodion, Gezow's, 823. 

—, glycerized, 819. 

—, half-tone iodized, 893. 

—, half-tone work, 887. 

—, history of, in photography, 828. 
Collodion incandescent^, 521. 
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Collodion in photography, discovery of, 
828. 

Collodion, iodinal, 823. 

Collodion iodised, 823, 838. 

Collodion, iodosulphural, 823. 

—, Klein’s formula, 819. 

Collodion lacquers, 298. 

Collodion lantern slides, 869. 

Collodion, large plate, .892. 

—, leather, 844. 

—, line negatives with, 887. 

—, line plain, 893. 

—, line production with, 887. 

—, infr. of, for collodion by Schcring, 75. 
—, medicated, 824. 

Collodion membrane, effect on glueo- 
sidcs, 814. 

—, emulsion with, 814. 

—, forcing liquids through, 813. 

—, pepsin with, 814. 

—, permeability, variations in, 814. 

—, polarization by, 813. 

—, properties of, 812. 

—, ptyal'n with, 814. 

- ", reflection by, 813. 

—, rennet with, 814. 

—, scmipermeability of, 813. 

—, takailiastaae with, 814. 

—, trypsin with, 814. 

(iollodion, menthol, 825. 

—, National Formulary, 823. 

Collodion negatives, devehqx'r for, 831. 
—, stripping, 845. 

(,'olUxlion, nitrogen in typical, 31. 
Collodion ointments, 820. 

(Villodion opals, 809. 

(lollodion, orthochromatizing, 832. 

—, paper, 823, 833. 

Collodion paper process, 828. 

Collodion paper, VoUenbruch juiwess, 
8:17. 

Collodion, paraform, 819. 

—, Pavy’s, 820, 

—, pharmacopfeal. 810. 

—, —, change.s ivconunended in, 821. 

—, —, preparing, 820. 
plain. 830. 

Collodion plates, coating, 834, 835. 

—, defects in, 835 
—, fogging of, 835. 

streaking in, 835. 

(k)ll(Mlion, porus, 885. 
t'ollodion positives, 874. 

Collodion positives on enamel, 828. 
Collodion, preparation of, .532, 831, 
Collodion preservative.s, 829, 836. 
Collodion, process work with, 887. 

—, properties of, 816. 

—, proprietary, 823. 

Collodion sacs, 810. 

—, preparing, 811. 

—sterilizing, 812. 

-Collodion, salicylated, comp., 823. 


Collodion, screen negatives with, 887. 

—, sediment in, 821. 

—, sensitive, coating leather with, 887: 
Collodion sensitizing bath, reaction, 83S. 
Collodion sheets^ producing, 852, 
Collodion, sinaptc, 823. 

—, Stocker’s unbumable, 625. 

—, storing, 781. 

Collodion stripping, 877. 

(Collodion substitute, 819, 825. 

Collodion, tests for, 825. 

—, total solids in, 825. 

—, transfer, 844, 873. 

Collodion tran.sfcr emulsion, 892. 
(Collodion transparencies, 809. 

Collodion, uses, in medicine, 824. 

—. —, in pharmacy, 824. 

—, visibility, decreasing on skin, 824. 

—, wart-, 820. 

('■olUxlionage of cells. 809. 
('■olkxlionization of .sections, 808. 
Collodiotjqie, 844. 

Collcxliura, see collixlion. 

—, 37, 797. 

Collixlium nnusepticum, 819. 

Collodium canthnridatum, 816. 
('ollodiuni clasticum, 819. 

Collexiium flexile, 817. 

(Villodium lentescons, 823. 

(lollodium, pharmacojxsal, 115. 
Collixlium rubrum, 823. 
flollixlium stypticum, 820. 

Collogen, 749. 

Cologne spirits, flash point of, 1144. 
(lollnidis, Iiibliography of, .i. 

CollutyfX! plates, 815. 

Collotype printing film, 845. 

Collotype printing plate, ,84-1. 

Colloxylin, 37, 795. 

(kilophony, 253. 

Color photograjihy, collodion in, 878. 
(kilor screens, collixlion, 880. 

Colored celloidin injections, .809. 

Colored lacquers, 328. 

Colored scnxms, photographic, celluloid, 
732. 

Colt rifle, 898. 

Columbian .spirits, flash point of, 1144. 
Colza oil, 410. 

(bml«, celluloid, 911. 

—, Ilackenlxirg process, 713. 

—, horn, 711, 712. 

—, Hyatt prix-ess, 711. 

—, metal, 711. 

—, plastic, manufacture of, 711. 

—, polishing, 713. 

1 —, tortoise shell (artificial), 713. 

I —, wood, 711. 

Compound celluloses, 3. 

Compound turpentine, 272. 

Conilenseil powder, 941, 951. 
Confectioner’s colors, denaturant in mfr. 
of, 1141. 
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Ooafectionenr, odlulose acetate in, 1010. 
<3ongo Corinth, 371. 

Confio paper, preparation, 1117. 

Comal cuQodion, 823. 
Consistency-apparatus, 63. 

Continuous photoipaphic films, 815. 
Contmuous pictures, developing, 868, 
869. 

—, printing, 868. 

Cooppal powder, 964. 

Cooppal No. 2 powder, 901, 963. 
Copaiba, .321. 

Copal, 309, 334, .339, 1028. 

Copal lac<]uer8, 340. 

Coplin (t (Irowe color strainer, 372. 
Copper bromide, 888. 

Copjier carbonate, 345. 

“Copper figure,” 1044, 1045, 10.52. 
Cbpper hydroxide cclluloao, 497. 

Copper oxychloride, as cellulose solvent, 
499. 

Copper, powdering, 315. 

(!opper resinate, 203. 

Copper-tetramine sulphate, .500. 
Copper-tctraniinesulphito, 499, 500. 
(!op)ier wire, cellulose acetate iusulalcd, 
1029. 

Copper xantbatc, 1059. 

(topiierised ammonia. 490. 

“ ( kipfxir value ” of cellulose, 7. 

(loral artificial, 090. 

Coral, definition of, 090. 

Coraline, 748, 749. 

Coralinea, mounting of, .328. 

Coralline, 748. 

Corallium robrum, 090. 

Cordite, 021,900, 02.8, 9,30. 

—, blending of, i)34. 

—, combustion of, 935. 

—, composil ion of, 929. 

—, constants of explosion of, 934. 

—, desirable qualities of, 9.30. 

—, manufacturing motbtH.1, 930. 

—, j>ro|H'rlies of, 931. 

—. purity acetone used in, 41. 

—, reeling of, i)32. 

—, six-ci Heal ions for, 982. 

—, stability of, 982, 

—, testing, 981. 

Coniite Mark I, 907. 

CordiO* M.l)., 907, 929, 933, 937, 9,53. 
Cordite M. n. S., 929. 

—, ballistics of, 933, 

—, tem|X!ralure of combustion, 933 
Corin, 444. 

Ooripliospliine, 451. 

Corks, celluloid, 099. 

—, comiiosition, 407. 

Com collixiions, .820. 

Com cures, 820. 

Cornices, viscoid, 1098. 

Coroline, 748. 

Coronite, 949. 


Corrosive collodion, 823. 

Corset stam, celluloid, 727. 

—, enameling, 332. 

CoTticine, 408. 

Cott-A-Lap, 419. 

Cotton, see Cellulose. 

Cotton, aedtating, suporfidally, 1026. 

—, acetylated, moisture content of, 1027. 
—, action of sulphuric and nitric acids 
on, 37. 

—, affinity of basic dyes for, 9. 

—, air in, 102. 

—, bleached, constants of nitrated, 82. 

—, bleaching of, 81. 

—, Ijombax, 17. 

—, botany of, 11. 

—, Brasilian, 12. 

—, breaking strain of, 552. 

—commercial varieties, 1.3. 

—, compared with flax, 40. 

—, damp, nitration of, 82. 

—, degreasing of, 39. 

—, drying of, 82. 

Cotton dast, nitration of, 100. 

Cotton, early liistory of, 13. 

—, effect of humidity on, 40. 

—, effect of immersion of, in water. 46. 
—, effect of season on, 39. 

—, Egyptian, 10, 12, 38. 

—, fat in, 81. 

Cotton filler, picking, 79. 

—, separating, 79. 

—, nitration of, 01. 

-, structure affected by bleaching, 81. 
Cotton, gathering the, 13. 

—, German military iiujuiremcntM for, 81. 
-, gloss, producing on, 4S.5. 

—, Indian, 12. 

—, intro<iuetion of, into England, 13. 

—, introduction into Europe, 13. 

—, kind used for cordite, 929. 

—, light blue, 732. 

—, “ long Georgia,” 14. 

-, “ long staple,” 13. 

—, Memphis .Star, 80. 

—, method of determining density, 43. 

-, moisture in, 83. 

—, moist urn in spinning of, 0. 

—, nitration l>v Maxim’s process, 74. 

—, nitration of American, 40. 

—, nitration of Egyptian, 40. 

—, object of moisture removal, 82. 

—, occurrence, II. 

—, Peruvian, 12. 

Cotton plant, cultivation of, 12. 

” Cotton powder,” 901. 

Cotton, pressure boiling of, 81. 

Cotton r^ IIB 1430, .MS. 

Cotton, refractive index of, 45. 

—, scouring of, 80, SO. 

—, scouring, objects of, 80. 

—, Sea Island, 14, 38, 

—, “ short staple,” 13. 
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Cotton, Smyrna, 14. 

—, structure of filler, 14. 

—, Sumt, 12. 

—, treatment of, preliminary to nitra¬ 
tion, 77. 

—, treatment to resist dyestuffs, 1026. 
Cotton waste, purification of, 110. 

—, teasing, 79. 

Cotton, world’s annual output, K!. 

Cotton yellow Cl I, 548. 

Cotton xyloiilino, .571. 

Cottons, nitration of various, 40. 
Cottonseed hulls, nitration of, 60. 
(loumarin, 149. 

“ Count " of cotton, 14, 

Crape markings (in collodion), S3.5. 
Creosote, 424, 802, 81!). 

Creosoled collodion, 819. 

Crepe effects, producing by incrcerizii- 
tion, 1057. 

Crepe, imitation, pnxhieing, .'127. 

Cresol, 2,52, 207, 747, 764, lObi, 1033. 
o-t!resol, 758. 

Cresotine yellow C, 549. 

Crespin silk, 480. 

Cresyl acetate, 267. 

Cresyl acetic acid, 267. 

Cresyiio acid, 207. 

Cresyl /Moluenesulifitetliylanilide, 2.54. 
(Iresyl p-toluenesulplmnate. 2.54. 

CriinjxHl eflect.s, producing by rner- 
ccrization, 10,57. 

Crinoil, nee crinol. 

Crinol, .52.5. 

Crinol filaments, 1023. 

Criwein .scarlet 3BN, 4.51. 

Crocodile akin, imitation, 428. 

Cromar, 444. 

Cromast, 444. 

Cromul, 444. 

Craascs, celluloid inlaid, 698. 

Croton oil collodion, 823. 

Crude filer, 4. 

" Crushed ” goods, imitating, 327. 
Cryolite, 262. 

Crystal violet, 4.51. 

Crystal violet SBO, .548. 

Crystal violet lOB, .548. 

Crystralline, nee Kryatalline. 

Crystalloid, 073, 7.51. 

Cuba yellow, 4.51. 

Cuillear, 331. 

Cull, 699. 

Cuff buttons, celluloid, forming, 661. 
Cuffs, linen, imitation, see collars. 

—, pyroxylin sheets for, 671. 

—, reversible, producing, 707. 

Cuirette, 303i 
Cumol, 263. 

Cuprammonitim cellulose, .525. 

—, colored, 499. 

—, cottonseed hulls for, 502. 

—, films'and ribbons, 506. 


Cupprammonium, precipitants of, 503. 
—, viscosity of, TO. 

Cuprammonium filaments, coagulating, 
513. 

—, drying, 506. 

—, fineness of, 513. 

—, binkmeyer’a process, 507. 

—, production of, ,563. 

—, properties of, .501. 

—, recovery of by-products from, 507. 
—, washing, ,503. 

Cuprammonium oxide, 474. 
Cuprammonium silks, 496. 

—, properties, .500. 

Cuprammonium .solution, stability, in¬ 
creasing, 510. 
f!upranil brown B, ,548. 

Cupraidl brown (i. 548. 

(!upranil brown R, .548. 

('u))ric bromide, 625, 

Cupric chloride, 1.52, 625. , ' 

Cupric compounds, ccllulo.se solvents, 
499, 

Cupricellulose incandescents, .521. 

Cupric iodide, 625. 

Cuprous chloride, as denitrifier, 488. , 
Cuprous oxychloride as denitrifier, 488. 

(luprouH xanthogenate, 1059. 

Curcuma, 331. ■ 

Curcuminc, 401. 

Curriers’ bard grease, 263. 

(lurrying leather, 428. 

Cufved bars, celluloid covered, 651. 
(hitoso, 3, 4, 

(tutting in celloidin, SOI. 

Cyanamide, 120. 

(lyanin blue, 330. 

Cyanine, 207, 832, 877. 

Cyanosinc blue, 330. 

Cyclohexanol, 254. 

Cyclobexene, 245. 

Cyclohexanone, 254, 1011. 
Cyclopentadiene, 399. 

Cynae ether, 149. 

<!yprian goUl thread, 454. 

Daguerreotypes, 873. 

Damask, artificial, 421,’' 

D.smmar, 1,50, 253, 334, 873, 1028. 
Daramara, 253. 

Dark nut brownjj4.51. 

Dawson’s colhxlioh emulsion, 893. 

“ Dead " cotton, 15. 

Decanitrocelluloso, formula of, 26. 

—, formula for producing, 26. 

—, per cent nitrogen in, 26. 

—, solubility of, in ether-alcohol, 25. 
Decapant, 1103. 

Dehydration, 125. 

—, acetone tor, 125. 

—, alcohol, Selwig & Lange method, 126, 
—, centrifugal, 124, 125. 

—, displacement, 126. 
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Dehydration, ethyl alcohol for, 125. 

—, hydraulic, 127. 

Dehydration of cellulose nitrate, 903. 
Dehydration of pyroxylin, France’s 
method^ 602. 

Dehydration, propyl alcohol for, 125. 
Deltapurpurine, 371. 

Deltapurpurine 5B, 549. 

Denaturant tor, acetic ether mfr., 1141. 
Denaturant for alcohol, 1114. 

Denaturant for, alkaloiil mfr., 1141. 

—, haronictcr mfr., 1127. 

Denaturant, Ix'msol as, 1127. 

—, camphor as, 1127. 

Denaturant for, celluloid, 112S. 

—, chloral hydrate mfr., 1140. 

—, confectioner’s colons mfr., 1141. 

—, emhalming Huid, 1127. 

—, ethyl chloride mfr., 1141. 
Denaturanth, handling of, lll.S. 
Denaturant for, heliotropin mfr., 1141. 
—, imitation leather mfr., 1141. 

—, incanriescent filament mfr., 1141. 

—, jewelry mfr., 1111. 

—, lacquei’s, 1127. 

Denalurants, manner of Icsting, Ills. 
Denaturant for, medicinal extract mfr. 
1141. 

—, rnei'cury fulminate, 1129. 
Denaturant, methyl alcohol ns, 1127. 
Denaturant, for molding mfr., 1141. 
Denaturant for, monohromated camphoi 
mfr., 1141. 

—, nitrous ether mfr., 1141. 

—, photoengravings, 1141. 

— , photo enlargements, 1141. 

. photographic colltxiion mfr., 1120. 
—, i>liolograpliic div plati s, 1127. 

-, iihotograpliic prints mfi , 1141. 

—, picture frame mfr., 1141. 

—, pixlopliyilun. n'sin, 1141. 

—, pyraim, 112S. 

—, pyroxylin fiaste mfr., 1141. 

—, rul>l«*r purification, 1129. 

santonine mfr., 1141. 

-- . sliellac varni.shes, 1127. 

—, shof‘ polish mfr., 1141. 

—, soap, transparent, 1128. 

—, strychnine mfr., 1141. 

—, sulphonmetliane, 1129. 

—, surgical ligatuie mfr., 1141. 

—, tannic acid mfr., 1141. 

—, thermometer fulx' mfr., 1127. 

—, watch mfr., 1120, 1141. 

Denaturant, nicot.ine as, 1128. 

six-cial, 1120, 1139. 

—, —, pennit for use of, 1120, 
storage of, 1117. 

-, tobacco for, 1128. 

Denatured alcohol, paging, 1118. 

—, manner of lefailing, 1125. 

—, pnoit for, 1123. 

—, proof of, 1119. 
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Denatured alcohol, storage tanks for, 
1131. 

—, uses and misuses, 1122. 

Denatured ethyl alcohol, 1114. 
Denaturing agents, 1114. 

Denier, 542. 

Denitration, Chardonnet’s method, 409. 
—, Evers’ tower, 137. 

Denitration of celluloid, 622. 

Di'nitralion, pyroxylin plastics, 625. 
Dentrifiers, 487. 

Den.sc powders, 042. 

—, loading, care in, 951. 

, prcsluction of, 1)42. 

Dental compsoition, pyroxylin, anti- 
H<“ptic, 721. 

Dental enamel, decalciticat ion of, 809. 

—, desilicatiou of, 809. 

Denial plates, .578. 

—, celluloid, 719. 

•—, manufacture of, 575. 

—, .shellac, 720. 

Dentistry, lacquers in, 299. 

1 leodorir.ing, artificial leather, 398. 
Dei)ilaling skins, 427. 

De Rondc paint remover, 264. 

Designs, transferring to celluloid, 745. 

“ Des passi'tnenterie " industry, 1034. 
Develo|K'i's (pliotographie), 835. 
Develo|«'r, collodion negati\es, for, 831. 
Devoe paint remover, 264. 

Dextran, 1055. 

Dextrane, 1055. 

Dextrins, 2, 255, 260. 

—, from cellulose, 7. 

I )ext ropineiK', 243. 

Diacetchlorhydrin, 253. 
Diacetone-arabilol, 244. 
Diacetylacetic-lK'nzyliilenc ether, 255. 
Diallyl nmlonate, 399. 

Dl.'dysis, by collodion sacs, 810. 

Diamiuit black, 831. 

Duuuinc blue. .548. 

Diamine blue black B, ,548. 

Diamine browns, 518. 

Diamine brilliant bordeaux R, 548 
Diamine catechine (1, ,548. 

Diamine dark green, ,548. 

Diiimine dyes, ,548. 

Diamine fast l)lue, .548. 

Diamine fast red F, .548. 

Diamine fast scarlet, 41!, 548. 

Diamine fast scarlet GB, ,548. 

Diamine fast .scarlet GG, .548. 

Diamine fast yellow FF, 548. 

Diamine green, 371. 

Diiunine green B, .548. 

Diamine or.ange, 548. 

Diamine ro,se HD, 548.. 

Diamine rose Bti, .548. 

Diamine yellow Gl’, .548. 

Diamond magenta, .548. 

Diamond smokeless powder, 900. 
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Diamyl carbonate, 156. | 

Di-n-amyl ketone, 151. 

Dianil blacks, 649. 

Dianil black CB, 649. 

Dianil black CR, 549. 

Dianil blue, 549. • 

Dianil brown BD, 549. 

Dianil brown 3GO, 549 
Dianil brown R, 549. 

Dianil claret red B, 549. 

Dianil claret red G, 549. 

Dianil dark blue R, 549. 

Dianil dark blue 3R, .549. 

Dianil direct yellow S, .549. 

Dianil fast l)rown B, .549. 

Dianil orange G, 549. 

Dianil orange N, 649. 

Dianil red 4B, 549. 

Dianil red lOB, 549. 

Dianil red R, ,549. 

Dianil yellow 3G, .549. 

Dianil yellow R, 549. 

Dianil yellow 2R, .549. 

Diaspon-gclalin, 940. 

Dil)enzonesulfo-2.7-<l i 0 X y n a p h t h a 1 i n, 

256. 

Diljenzenesulfoimid, 2.56. 
Dibenzylixinzenesulpliamid, 2.56. 
Dibenzyl-p-chlorl)cnzenesulfanilid, 250. 
Dibenzyi-p-loluenesulfaniliil. 2.50. 
Diljenzyl-p-toluonesulfoiiniij, 2.50. 
Dibenzyl-p-tnluenesulpliainid, 250. 
Dibenzylidcne acetone, 252. 

Dibomyl, 23.S. 

Dilmtyl koUme, 151. 

Dichloracctates, .598. 

Dichloracetic acid, 997. 

Dichlorbenzol, 254. 

Dichlorcresol plio.‘iphnte, 2.54. 
Dichlordiplienyl thiophosphale, 2.54. 
Dichloretnylene, 1014. 

Dichlorhydrin, 1.51, 2.54, 340, 7.52,1001. 
Dichlonnethane, 203 
Dichlomapthhol phosphate, 254. 
Dichlorphenol phosphate, 254. 
Dichlorvaleraldehyde, 150. 

Dicresyl carlwnate, 254. 

Dicresyl phosphoric acid anilid, 254. 
Dicyanine, 879, 884. 

Dicyanodiamide, 120. 

Dicyanodiamidine, 120, 935. 
Diethylamine sulphate, 1039,1050,1051. 
Diethyl carbinol, 180. 

Diethylcarhinyl acetate, 213. 

Diethyl carbonate, 165. 
Diethyldiphenylcarbamide, 120, 907. 
Diethyidiphenyl urea, 265, 596, 597. 
.5-Diethyldiphcnyl urea, 255. 

Diethyl ketone, 151. 

Diethyl monosilicate, 626. 

Diethyl oxalate, 148. 

Diethyl phthalate, 2.54. 

Diethyl scbacate, 148. 


Diethylsulfondimethylmethane, 269. 
Diethylsulfbnmethylethylmethane, 259. 
Diethyl sulphate, 997. . 

Diffusion phenomena, collodion m, 814. 
Diglycerol, 947. 

Di^ycose, 998. 

Di-hcptadecyl ketone, 151. 
Dihydroxybutyric acid, 53. 
Dihydroxydinaphthyl ketone, 2.54. 
Dihydroxydiphcnylsulphone, 252, 25j. 
Di-iodoHuore.scin, 878. 

Dirnethylacctal, 182. 

Diniethylaniline chloride, 193. 

Dimethy 1-1-acetone, 152. 

Dimethyliuninc, 240. 

Diinethylamine chloride, 994. 
Dimethylamine sulphate, 994. 
Dimcthylethylcarbinol, 180. 
Dimcthylhydroquinone, 258. 

Dimethyl ketone, see acetone. 
Dimetliylphenylpyrazoloii, 258. 
Dimethylpyridinc, 181. 

Dimethyl svdphate, 239, 998, 1039. 
Dinaphthyls, 255. 

Dinaiihthyl carlmnatc, 254. 

Dinaphthyl ketone, 254. 

Dinuphthyl phosphoric acid anili<l, ^54. 
llinitroacetin, 158. 

Dinitroljonzeno, 149, 411, 902. 
Dinitrocellulose, 25, 27. 

—I formula of, 20. 

—, per cent nit rogen in, 20. 
Dimti’o-o-cresol, 328. 

DinitrcKliglyceroi, t)47. 

Dinitroglycoroi, (147. 

Dinitromonacetins, ]51. 
Dinitromonoclilorliydrin, 208, 947. 
DinitronaphI Irniin, 154. 

Dinitrotolueno, 3.50, 947. 

Diriitrotoluol, 258. 

Dinil roxylols, 258. 

Dioptichrome process, 8,80. 
Dioxydiphouylsulphone, 259. 
Dioxynaphtliyt ketone, 2.54. 
Dioxynaplrtliylmetliane, 519. 

Dipentene, 236. 

Diphcnylamine, 121, 193, 550, 595, 907, 
976. 

—, estimation of, 977.' 

Diphcnylamine reagent, 72. 

Diphenyl carlxmate, 2,54. 

1:4-diphenyl-3:5-endoauilo-4 :.5-dihydro 
1:2:4-triazolc, 708. 
Dipheuylhydrazine, 207. 

Diphenyl phosphoric acid anilide, 254. 
Diphenyl phtlialate, 2.53. 
Diphenylsulfon, 2.59. 
■s-Diphenylthiocarbamide, 2.59. 

Diphenyl urea, 2.55. 

Dip lacquers, see Lacquers, dip. 
Dipropyl ketone, 151. 

Direct brown M, .548. 

Direct dipping process of nitration, 84. 
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W»ct gray B, 549. 

Diiact gray R, 549. 

Direct green, 371. 

Direct green B695, 548. 

Direct orange CiR, 548. 

Direct positives on glass, 873. 

Direct saffranine (IB, 548. 

Direct sky blue, 548. 

Dishes, celluloid for, 727. 

Displacement nitration, 96. 

Displacement dehydration, 120. 
Distilleries, classification of, 1120. 

—, kind of spirits maile at, 1120. 

—, survey of, 1118. 

—, capacity of, determining, 1119. 
Di-n-suiro-2.7-dioxynaphtlialin, 2.')(i. 
Dithiocarlxinate, 1059. 

Dixanthogen, 1059. 

Documents, laetjuering, 321. 

—, protecting with pyroxylin, 321. 
Dixiccanitrocellulose, formula of, 26. 

per cent nitrogen in, 26. 

Doll’s celluloid. 928. 

—, —, producing hair on, 728. 

Dolls’ heads, celluloid, 729. 

—, —, making, 033. 

—, viscoid, 1098. 

Dolomite, 221. 

Door knolls, celluloid-coated, ti.5ti. 

“ Dope;” 387. 

Doru distillation apparatus, 181. 

Dowels, enameling, 347. 

Dragon’s blood, 329, 331. 

Drenching skins, 427. 

Dress shields, preparing, 417. 

Driers, 446. 

Drosophor humidifier, 509. 

Dry plate, uses tor, 827. 

Drying cotton, 82. 

Drying, films, 863. 

DiyobaUimps arnmoiica, 236. 
Dryobalurwpa camphor, 236. 

Dualine, 946. 

Dufay dioptichrome process, 8.80. 
Duplex collodion, ,823. 

Duplicate sound record, celluloid foi', 
734. 

Duroid, 673. 

Dutch gold, 313. 

Du Vivier Silk, 479. 

Dyeing artificial fillers, .543. 

Dyeing cellulose acetate, 1023. 

Dyeing, pyroxylin plasties, 079. 

—, starcli acetate in, 1009. 

Dyeing viscose, 1091. 

Dynamite guncotton, 945. 

E. C. powder, 9.59. 

—, heat test for, 980. 

E. D. Improved powder, 900. 

E. C. No. 1, 2, or 3, powder, 900. 

E. C. Improved Shotgun Smokeless 

powder, 955. 


Earings, celluloid inlaid, 698. 

Ears, artificial, celluloid, 729. 

Eau de Javelle, 810. 

Elxiny finish, 344. 

Ebony plastic masses, 730. 

Eburite, 749. 

Eclipse paint remover, 264. 

Edinol, 835, 876. 

Eel-skin in celluloid cuff mfr., 703. 

Egg albumen, 268. 

Eggs, coating with pyroxylin, 325. 

Egg spoons, imitation horn, 682. 
Egyptian cotton, see cotton, Egyptian. 
Eiderdown, imitating, 411. 

Ela.stic collodion, 817, 823. 

Electric filaments, viscose, 1999. 
Electric-liglit bulbs, etching, 342. 
Electric-light filaments, 357, .507, .520. 
E'lectric-liglit globes, lacquering, 340. 
Electrini^ 343. 

Electruzine, 347. 

Elemi, 429, 1028. 

Elepliant bale, imil.atlng, 39.5. 

I'.lgin marlile, imilnting, 693. 

Embalming fluid, denaturani in, 1127. 
Embalming fluids, denaturant in mfr. 
of, 1141. 

Emlipdding cotton, 795, 

Emliedding in celluidin, 797. 

I'linlxiHsing, 39(1. 

Embossing celluloid, 678. 

Embossing leather, 440. 

Embryos, celloidin inipregiialion of, 797. 
Emerald green, 330. 

Emery pajxT, producing, 104. 

Emery wheel, celhilohl, 730. 

Emery wheels, producing, 404. 

Empire powder, 952, 961. 

Empire Smokeless .Shotgun powder, 956. 
Emulsion, see collodion, etc. 

—, cothxlion with, 811. 

Enamel cloth, making, 421. 

Enamel collodion, .844. 

Enamel colUxlion glazing process, 893. 
Enamel, imitation chainplev6, 697. 

—, imitalion cloisonne, 697. 

Enatnelerl pa]X‘r, 418. 

ICnamol leather, 425. 

Enamel leathers, 432. 

Enamels, 332. 

wood, 346. 

Enanthic acid, 177. 

Encrustic pyroxylin plastics. 698. 

“ Encrusting sunstanctw,” 17. 
EudocanitroeclluloHe, formula of, 26. 

—, per cent nitrogen in, 20. 
Eiuiotryptase, 194. 

Engraved plate printing on celluloid, 
743. 

Engravdngs, lacquering, 321. 
Enneanitrocellulose, formula of, 26. 

—, insolubility in etlier-aloohol, 25. 

—, ixir cent nitrogen in, 26. 
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Enzymes, inactivity oi, in contact with 
collodion, S14. 

Eok, 877. 

Kosine, 3:10, 000, 832, 870. 
Epiclilorhydrin, 340, 401, 752, 1001, 
1017, 1021. 

Epispaatic collodion, 810. 

E'.ipiiactum, silica in, 5. 

Erco spirits, 272. 

Erdmann float, 05. 

Erika, 371. 

Eriocyanine, .'j47. 

Erioplaucine, 451, 547. 


Errata, 1148. 

Eryihri-difonn.al, 244. 

Eryllirolitmin, OiK). 

Eryllirosine, 330, 090, 832, 877. 
Escnlapius wcisl, nitration of, .5it. 
Esparto, nitration of, 01. 

Esj)art.o grass, nitration of, ,59. 

Eteldiigs (steel, and copper), lacquering. 


334. 

Ethane, cldoro derivatives of. 172. ^ 
Etiieliyltricldorainidin, 2,50, 2.52, 25,>. 
I'itlienyltiCtracldorainidin, 25t), 

Etlienyl trichloride, 171. 


Ether, 107. 

—, condensation of, 4.83. 

flash point of, 1114. 

Ether ghie, 37, 141, 749. 

Ether, purity of, 12. 

—, rt'covery of. apittiratns for, (,Sl. 
Etherized oil, 140. 

Ethoxalyl diamine, 2.50. 

lOthvlacetanilidc, 2,52, 2.58. . 

Ethyl acetate, 149, 229, 40,>, 4.!!, (o.l, 
902, 1022. 
flash point of, 1111. 

—, mamifactnrc of, 230. 

Ethyl acctoacetate, 153. 

Ethyl acetone, sec ni(‘thylpropyl ketone. 
Ethylaceto-iMiitrochloranilidc, 2.5,5. 
/-Etiiylacetyhimido - 2 - nit ro -3.1 .ti - t ri- 
chloln'iizcnc, 250. 

Ethyl alcohol, sec alcohol. 


—, 182. 

—, amount in gram, 1119. 

, compleloly denatured, 1114, 112'-. 
-, denatured, 1114. 

—, —, gauging, 1118. 

—, fla.shpoint of, 1114. 

—, spwtially denatured, 1122. 

—, weighing of, 1121. 

Et.hylamino, 240. 

Etliyl lx>nzoate, 155, 1003. 

Ethyl blue, 330. 

Ethyl-bcnzoyl-o-toluidinc, 1031. 
Ethyllicnzoyltrichloranilide, 255. 
Ethylbutyl ketone, 152. 

Etliyl butyrate, 147, 227, 205. 

Ethyl carbanilate 2,59. 

Ethyl carbolate, '207. 

Ethyl chloride, 154, 171. 


Ethyl chloride, denaturant In mfr. of, 

1141. 

—, fla.sh point of, 1144. 

Etliyl cresylatc, 207. 

Ethyl disilicato, 620. 

lOtliyl a/?-dit,hiocarl)onate, 10.59. 

Etliyl enanthate, 177. 
Ethylethenyltrichloramidm, 2.50, 255. 

Ethylotlienyltrichlor-o-phenylenediam- 

ine, 255. 

Ethyl fonnale, 147, 148, 187. 

Ethyl green, 207, 330. 

Ethylhexyl ketone, 151. 

Etliylrwamyl ether, 1,57. 

Ethyl/.snlmtyl ether, 1.57. 

Ethyl iso valerat e. 147. 
Etli'vlmetliyldiiilienylcarbamid, 907. 
Etliyhiiethyl ketone, flash point of, 1144. 
Etliyl nitrate, .53. 

Etliyl nitrib', 53. 

flash point of, 1144. 

Ethyl orthotonnate, 147. 

J'ithyl oxalic acid, MS. 
lOlhylpcntyl ketone, 151. 

Etliyl phthalate, 2.50. 421. 

ICtii'yl jiroplonate, 231. 

I'itiiyl n-in'opylacot.oacetate, 1,80. , 

I'ltiiylpropyl ketone, 151. 

I'itlivl salicylate, 147, 1.5.5. 

Etliylselimiate, 148,2.5!i, 117, il8. 

Ethyl silioale, 307, 491. 

I'itli’yl stearale, 25:l._ 

ICthyl siiecinale, 250. 

Ethyl sulphate, 1,5(). 

Ethyl siilphiirio acid, 472. 

Ethyl />-t.()lucne sulphetliyl.anilid, 254. 
Etliyl toliienesiilplionate, 1021. 

Ethyl p-tolnene sul|ihonate, 254. 

Etliyl valerate, 147, 205. 

Ethyl n-valerate, ISO. 

Ethyl violet, .548, 832, S34. 

Ethylene, cliloroderivatives of, 172. 
Elliylene diaeetate, 251. 

Elliylidene diacetie ester, 2.54. 
Ethylideiie glycol ether, '244. 
b'.thylidcne urethane, 259. 

Euliornyl, 247. 

Eiicalyritol, 149, 1034. 

Eugnniol, MO, 230, 39!), 802. 

Eureka paint leiiiover, 204. 

Evers’ denitration tower, 137. 

Exalgine, .sec niethylaeetanilidn. 
Exhilaralive solvent, MO. 

Explosion test., 973. 

- IT, S. Ordnance standards for, 974. 
Ex]>]osive n, !)41. 

Ex|ilosives, animoniiiin nitrate, 951. 
Ex[)losive cottim, 37. 

J'ixiilosive gelatin, exudation test of, 984, 
—, freezing of, iireventioii, !)47, 

—, liquefaction test of, !)84. ■ 

—, testing, 983. 

Explosives, firing point of, 982. 
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Explosive mixing machine, 781. 
Explosive mixtures, evaporating, 781. 
Explosives, graining, apparatus for, 781. 
Explosives, moisture in, determination 
of, 983. 

—, storage of, construction of buildings 
for, 943. 

—, testing stabilit,y of, 968. 

—, transportation of, 1142. 

—, waterproofing witli celluloid, 939. 
Exudation test, explosive gelatin, 984. 
Eyeglass frames, celluloid, 641. 

Eyelets, celluloid, 735. 

Eyes, embedding in cclloidin, 799. 

Fabrics, coating with pyroxylin, 421, 
575. 

—, hnishing with nilroet41ulo,s<!, 1023. 

lisle thread hidsh to, 524. 

Fabrikoid, 371). 

Fal)-Hi-Ko-Na, 418. 

I'jwtis, 406. 

Factitious, HOC Imitation. 

Fans, celluloid itdaiil, 698. 

Fast acid violet, 547. 

Fast acid yellow, 451. 

F'ast bonzo rose, 548, 

Fast brown, 451. 

F'ast gns'ii, 371, 548. 

F'ast green I, 518. 

F'ast green .TJO, .548. 

F'ast green f), 548. 

Fast red A, 451, 

F'ast yellow d.ye, ns dcnalurntit, 1128. 
F’at li<iuoring, 451. 

F’atiltlesB paint remover, 201. 

F'eathers, artihcial, 410. 

—, prc.wrvuig, 391), 410. 

F'cculosf', 1008, 1009. 

Fchling’s solution, 7, 33. 

Felixitc |«)wder, 902. 

Fell, manufacture <if, 508. 

F'enehone, 236, 937. 

F'erric bromide, 025. 

F'erric chloride, 1,52 , 625. 

F'erric f i rocyanide, 446. 

F'erric icxlide, 625. 

F'enic iron morilants, 11. 

Ferric phosphate, 628. 

F'erroeyanitles as dentrifiers, 488. 
F'erretypes, 873. 

—, cleaning, 874_. 

F'errotype collcHlion, 892. 

Ferrotype, developing, 875. 

F'errotype plates (gelatin). 870. 
F'erretypes, preservatives for. 875. 

—, varnishing, 876. 

Ferrous chloride .as diuiitrifier, 487. 
Ferrous salts as denitrifior, 488. 

Ferrous sulphate, 674. 

F'emiginous collodion, 823. 

Festooning machine, 380. 

Fiberloid, 38, 748. 


Fibrin filaments, 1084. 

Fibroin, 472, 1004. 

Fibrol, 1103. 

F'ibroleum, 363. 

F'ibrolithoid, 748. 

Fibro-silk, 459. 

F’ibrous materials, covering with ceilu- 
loid, 640. 

Field’s lacquer experiments, 303. 
Filaments, artificial, see Artificial fila¬ 
ments. 

—, cuprammonium, 781. 

—, incandescent, .520. 

—, viscose, 1099. 

F'ilite, 621, 927. 

Films, analysis of, 897. 

- , band suptmrts, utilizing, 803, 

—, base, prodvicing, 842. 

cinematograph, perforated, drying. 
781. 

-, “ cockling,” prevent ing,.S60. 

-, eolhslion. Crane process, 840. 

, Eastman Koilak process, 840. 

—, —, manufact ure, 839. 

, —, iion-inflamm.able, 842. 

■, —, opai[ue to X-rays, 840. 

-, —, I’atat’s fonnula, 810. 

-, —, Keiohenbach pnxtess, 839. 

, —I Swan luid l/wlie process, 810. 

—, —, Todd’s process, 840. 

-, color of, detennining, 896. 

—, continuous, 845. 

—, —, coating with emulsion, 863. 

-, —, drying, 863. 

, —, producing by coagulation, .862. 
-, —, sensitizing, 86,5. 

-, cutting, in continuous lengths, .862. 

, denitrated f)yroxylin, 843. 

—, drying, 866. 

F ilm drying nuacliine, 781,849. 

F’ilms, elongation of, determining, 896. 
F'ilm enamel, de Mont lord’s, 434. 

Film, “ enlargement ” of, 843. 

F’ilms, firt'proof magazine for, 892. 

inflammability, reducing, 843. 

—, joining, 81)0. 

-, metallized, forming, 886. 

N. C., 844. 

Film negatives, 841. 

F'ihn, negative, removing, 813. 

Film negatives, storage of, 84.5. 

F’ilma, neutral, producing, 853. 

F'ilm, nitrocellulose, 781. 

Films, non-curling, 844. 

—, opaque, producing, 669. 

—, particles in, determining, 896. 

—, perforated, coating, 863. 

—, photographic, explosion of, 891. 

—, —, inflammability of, 891. 

—, —, selMctacliing, .844, 

—; physical testing of, 894. 

—, “ pitting ” of, overcoming, 848. 

—, producing, Bolas process, 842. 
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Films, producing, Smith's process, 842. 
Film, raw, 866. 

Films, repolishing scratched, 862. 

—, scratched, tcpolisliing, 862. 

—, seasoning, determination of degree 
of, 8U7. 

—, sensitized, lacquering, 844. 

—, sticking together, 870. 

—, storage of, dangers in, 802. 

—, tcnsiie strength of, 805. 

—, testing of, 894. 

—, thickness of, determining, 895. 

—, waste from, utilizing, 862. 

—, waterproofing, 862. 

Filter paper, Swedish, 5. 

Filter papers, nitrated, 72. 

Filler screen, for nitrocotton pidping, 
916. 

Finishing powder press, 918. 

Finisliing press, 915. 

Finish remover, 781. 

Fir balsam, see Balsam of fir. 

Fish lines, coating of, .523. 

F'ish skins, coating, 1.53. 

I’ish skin, in celluJoid culT mfr., 703. 
Fismos silk. 479. 

—, microsta)py of, 550. 

—, strength, 1035. 

Flameless powders, 901. 

Flammivoro powder, 064. 

Flash-light composition, 968, 

Flash point of inflammable liquid-, 1114. 
Flavine, 331. 

Flax, cotton compared with, 40, 

Flax filter, nitration of, 61, 

Flax, nitration of, .59, 78. 

Fleshing skins, 427. 

Flexile collodion, 817. 

Flexible collodion varnish, 893. 

F’lour, 260. 

Floor lacquers, 351. 

Fluid Ix'lladonna pla-ter, 823. 

Fluid skin, 749, 821. 

Fluids, elctetrical disfstrsion of, .539. 
Fluorides, solubility of, in alcohol, l,5t. 
Fluoroscoite, preparing diehroic lumi- 
nesamt for, 733. 

F’oil, artificial, 624. 

Forcite, 949. 

Fordit, 949. 

Forks, celluloid inlaid, 698. 
Formaldehyde, .517, 537, 538. 
Formaldehyde as denitrifier, 489. 
Formaldehyde-gelatin. 843. 
Formaldehyde-phenol compounds, 758. 
Formalin, see formaldehyde. 

Formanilide, 252. 

Formic acid, 53, 260, 270, 988, 1(H)5, 
1007. 

—, as fibroin solvent, 1004. 

Formic collodion, 358. 

Formic ether, sec ethyl formate. 


Formyl diamine, 2S0. 
Formyldiphenylamine, 349. t 
Formyl hydrazine, 832, 842. ' 

Formyl violet^ 461. 

Frankfurt artificial silk, 460. 

Franklinite, see zinc carbonate. 

French bedstead lacquers, 338. 

French cleaning, starch acetate in, 1009. 
I‘’rcnch mixtion, 423. 

F riable cottons. 28,38. 

Frictlrich spinning apparatus, 641. 
Frigusin, 823. 

Frost on window' panes, preventing, 208. 

' Frosted silver finish, 313. 

Frostino, 343. 

Frosting, 342. 

Frosting, on glass, producing. 342. 

1’ •uil, coating willi pyroxylin, 325. 

—, fermentable matter in, 1120. 
F'ueli.sine, 330, 313, 396, 451, .tOl, 1024, 
1025. 

Fuel'smo reageni, 33. 

Fulgenic aeids, 878. 

I'kilgides, 878. ,879. 

Fulminating (towder, 17. 

Fume tests, 968. 
k'niigicides, 327. 
l''ungifunnis, 362. 

l''urtural| deteruiiiuition of, iu amyl 
iileoliol, 212. 
l''urfuioid.s, 190. 

Fill, presi rving, 39i). 

I' urs, coating of, 452. 

•, imitation, 408. 

I'ur tails, artificial, 409. 

Fus(4 oil, see uUui amyl alcohol. 

-, 174, 202, 448. 

—, American, 201. 

—, —, composition, 180. 

—, —, testing of, 209. ■ 

—, iimount produced, 201. 

—, analysis of crude, 208. 

Fusel oii 0. 1’., 201. 

I''uscl oil, caleium cliloriile lest, 210. 

-. classification for iluty, 200. 
coimmsition of, 176. 

—, —, from (kignac, 179. 

—, corn, composition of, 180. 

-, determining in lacquers, 359. 
discovery of, 174. 

—, duty on, 200. 

—, excise (cst for, 200. 

—, expansion by heat, 188. 

—, grades of, 201. 

—, history of, 174. 

—, lower alcohols, Government test, 209. 
-, occurrence of, 176. 

—, iietroleum in, 181, 212. 

~, jmtato, com{>osition of, 178, 179,180. 
—, purification of, for toxicological 
work, 201. 

—, reccrecry of, from casks, 216. 
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fusel (ul, (eetifiAatinik, amyl alcohol 
tiBCtion, Sfli. 

. —, bottooli, 206. 

, Field's process, 200. 

■—,—, first runpiiUPi 203. 

—, —, second Iraotkm, 204. 

—, —, yields, 206. 

—, “ rectified,” 201. 

—, refined, limits of moisture in, 211. 

^—, water, removal of, from, 202. 

—, synthetic, 189. 

Fusel oil tester, U. S. Government, 2(i9. 
Fusel oil, testinfi, Allen’s method, 200. 

—, toxicity of, 200. 

—, Ulex test for, 200. 

Fuses, waterproofing with pyroxylin, 
326. 

Fustic, 331. 

Galolith, 763. 

Gallacetophenon, 2.')2. 

Gallic acid, 8S.1. 

Gam)>ogc, 329, 331. 

Gmiinia iititihurii, 331. 

Gas mantles, 

Gs,solene, flash point of, 1144. 

Gas volumes, tem|x;ruturc correct ioiiii 
for, 1146. 

Gas-volumeter, 06. 

Gatling gun, SflH. 

Gelatin, 268, 400, 47t). 

(kilatin. Masting, 940. 

—, dyeing of, .)17. 

Gelatin dynamite, 940. 

—, testing, f)83. 

Gelatin fdins, 1020. 

Gs'latin, iridewent preparing, 32,6. 
Gelatin (explosive), mixing machines 
for, 940. 

Gelatin silk, ,610. 

- , microscopy of, ,660. 

Gelatinous collodion, S23. 

Gelignite, 940, 918. 

G(4oxite, 949. 

(leranine, .548. 

Geraniiie G, 1031. 

Ocraoiol, 148. 

Gerlicr hutryometer, 212. 

Gerber’s fardetermination, 212. 

^rman flake imwder, tHll. 

Gennan test at 13.6°, 971. 

Gezow’s com collodion, 823. 

Ghattl, 341, 400. 

Gilderl lace, .t«e lace, gilded. 

Gilding mo<liun>, 308. 

Gillmore stuffing machine, 03S. 

Gilson’s rapid process, cclloidin soction.s, 
804. 

Gilt paper, producing, 419. 

Givet sdk, 497, 501. 

Glanzstoff, 661. 

Glanzstoff hate, 549. 

Glanzstoff silk, 501. 


OasB, adbe^ for, $74. 

—, deaiuitg, 833. 

—, coating vrith doOodiQn, 838, 834. 

—, frost^, ptodudng, 342. • 

—, images on, ipproatictton of, 885. 

—, leaded, oelluioid imitation of, 07$, 
Glass positives, 873. 

Glass, spun, 4i6i. 

.Glass tubing, fining with cellultdd, 046. 
Glass wool, 454. 

Glazing powder, 925. 

—, du Pont method, 925. 

Gliadin, 749. 

Glolxjs, lacquering, 338. 

Glonoin, see nitroglycorol spirite. 
Glonoin, transporting, 1145. 

Gloria, 414. 

Glorid, 7.61. 

Glossy paper emulsion, 893. 

Glucose, 255, 200, 503. 
d-Glucose, 980. 

(llucoso, as viscose coagulant, 1063. 
Glucose diacotatc, 2.66. 

Glucose dibutyrate, 256. 

Glucose distearate, 256. 

(ilucose ditartrate, 256. 

Glucose, from cellulose, 7. 

Glucose octa-acctate, 256. 

Glucose tetracetate, 256. 

Glucose tetratartrate, 256. 

Glucose triacetate, 256. 

Glue, 485. 

Glue silk, .610. 

Glutaminic acid, 194. 

Gluten-fibrin, 749. 

Glyccrizcd collmlion, 819. 

Glycerol acetates, 1.61, 741, 1011. 
Glycerol Ixuizoatc, 256. 

Glycerol monoljcnzoate, 151. 

Glycerol monooleate, 1.61. 

Glycerol oleoacetates, 1,61. 

Glycerol acetobleates, see Glycerol oleo 
acetate.s. 

Glyciu-yl crcsyl-p-toluene sulphonate 
‘254. 

(llyciii, 834, 876, 876. 

Glycocoll, 193. 

Glycoli^oae, 4. 

Glyoxilinc, 945. 

Goffered cellulose films, 781. 

Gold, depositing on celluloid, 719. 
Goldlieaters’ skin in celluloid cuff mfr 
703. 

Goldlwaters’ skin permeability of, 813 
“ Gold ” lacquers, 330. 

Gold leaf, imitation, 312. 

—, nitrocellulose, 781', 

Gold threads, 454. 

Golden sulphuret of antimony, 389. 
Golf lialls, celluloid, 724. 

—, coating, 349. 

—, —, Hammond process, 349. 
Gooseberry essence, 227. 
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Gorgonia corals, 690. 

Goise, artificial, 521. 

Gorse, nitration of, 60, 61. 

Gossypium, 11. 

Gossypium barbadense, 12, 14. 

Gomypium herhaccuni, 14. 

Gossypnum hirsutum, 12, 14. 

Gossypium indicum, 14. 

Gossypium peruvi-anum, 14. 

Government test, for alcolioLs in fu.sol 
oil, 209. 

Grain, amount ethyl alcohol from, 1119. 
“ Grain ” ivory, imitating, (iSIt, (iSli. 
GraininK press, 920. 

Gramophone nicorJs, cclluloiil, 734. 

GraimUibcuikr butyliciim, I'.K). 

Grapes, fcrmenlalile matter in, 1120. 
Graphite, 410- 

—, In smokeless powiler, 92,"). 
Graphophone records, celluloid, 734. 
Gray B, .">43. 

Gray HB, 548. 

Gray H, 548. 

Gragc silk, 470. 

Grtsoutinc B, 949. 

GriHOutino BG, 919. 

GriHouline G, 949. 

Grisoulinc GG, 949. 

Griotte marhle, imitaling, 692. 

Ground glass, producing images on, 

886 . 

Guaiac, 150. 

Guani'idc, 749. 

Guanidine nitrate, 935. 

Guinea green, 451. 

Gums, 305. 

Gum arable, Acacia. 

Gumdrops, cellulose acetate in, 1010. 
Gum lacquers, 334. 

Gum resins, 334. 

Gums, starch acetate substitute for, 

1010. 

Gun cotton, 37. 

Gun cotton block.s, 965. 

—, pre.ssing of, 911. 

—, testing, !)66. 

Guncotton, compression into cartridges, 
96.5, 966. 

Guncotton dynamite, 915. 

Guncotton, early mfr. of, 75. 

—, heat test for, 980. 

—, nitrated, 900, 950. 

—, picric acid with, 967. 

—, preparing nitrate lower than, 24. 
Guncotton press, 966. 

Guncotton, Schonbein’s Eng. patent, 
.568. 

—, U. S. Navy torpedo, 967, 
Gunpowder, ammonium nitrate in, 899. 
—, comparison with cellulose titrate, 
901. 

—, composition of. 898. 

—, smoke from, 899. 


Gutta percha, 269. 

Gutta-percha substitutes, 411. 

Guttman stability test, 969, 976. 

Hair, artificial, 521. 

—, celluloid, 71.S. 

Hale’s lacquer proccs.s, 301. 
ilalf-tone iodized collodion, 893. 
Half-tone work, collodion in, 887. 
Hand-bag e-vtcrions, viscoid, 1097. 

Hand nitration, 86. 

Handle, artificiid horn, 688. 

—, celluloid coaled, 6.56. 

—, celluloid, manufacture, (i33. 

—, covering with celluloid, 641. 

—, lacquering, 337. 

Hardening siH'cimens by freezing, 801. 
Hargreaves and Howe method, estimat¬ 
ing merenrie phloride, 973. 

Harness buckles, celluloid covered, 651. 
TTaskell finishing process, 681. 

Hat, bands, ssi- Hat sweats. 

Hats, imitation, 571. 

Hat-racks, enameling, 347. 
llat-sliapes, (inishing with nitrocellu¬ 
lose, 1023, * 

Hats, slifTcning, 3415. 

Hat sweats, preparing, 438. 

Hat trimmings, 525. 

Hats, walerprooflng, 3,16. 

Ilawksbill turtle, 689. 

Hazard Sliot,gun Smokeless powder, 955. 
“ Ileal All ” collodion, 823. 

Heal-m-all, 824. 

" Heal Skin " collodion, .824. 

Heat tests, 968. 

—, masking, 970, 971. 

Heat test with Kl-starch paper, 970. 
Heavy nitrol)enzol, 168. 

Heavy solvol, 156. 

Heel, celluloid covered, 735. 

Hefner photometric lamp, 213. 
Heiderstadt collodio-chloride process, 
837. 

Heliotropin, 119. 

—, deiiaturant in mfr. of, 1141. 
Hemicelluloses, 7. 

Hemostatic colltHlion, 820. 

Hemp, artificial, .521. 

—, —, producing, 1084. 

—, nitration of, 61, 78. 
Hcnckcl-Donnersmarck silk, 1034. 
enrite, 962. 

eptanitrocellulose, formula of, 26. 

—, percent nitrogen in, 26. 
neptasaligpno.saligenin, 758. 

Tfeptylic acid, 1007. 

Hercules gelatin, 949. 

Heas stability test, 969, 977. 
Ilexachloretihanc, 171, 989. 

Hexaethyl disilicate, 626. 
Hexahydrobonzylketone, 253. 
Hexamethyl violet, 408. 
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'BexaaitrocelluloK, 25. 

formula 26. 

—, per cent nitrogen in, 26, 
HexanitroBtarch, 56, 67. 

Hexenoic acid, 1007. 

Hexoaes, nitric acid esters of, 58. 

Hexyl alcohol, 177,187. 

Hexyl angclate, 149. 

Hexyl tiglate, 149. 

Hides, 426. 

—, splitting of, 435. 

Hippopotamus hide, imitating, 395. 
Hippuric acid, 193. 

Histocotton, 795. 

Histology, cellulose nitrate in, 7tl3. 

Hods, laccju(!ring, 341. 

Hoffman’s ether, 325. 
lloitseina test, 959. 

Hollow articles, celluloid, linini', 645. 

—, —, m.anufactun', 633. 

—, —, Thuriwr process, 611. 

—, —, Ward's process, 642. 

—. viscose, 1099. 

Hollow ware, celluloid coated, 659. 

Holtz static machine, 540. 

Homocol, 832, 834. 

Homosalinitin, 75,S. 

Horn, artificial, 687. 

—, nitration of, 1)1. 

—, viscost* suhst.itute for, 1107. 

Homy materials, nitration of, Oti. 
Horsehair, artificial, 505. 

—, —, uses, 525. 

—, natural. .521. 

Hof'ehair seatings, ])rodueing, 114. 
Ifosiery, printing “ polkadot ” on, 
741. 

Horsley apparatus, 9,82. 
llospit'al sheeting, producing, 3,88. 
Hotchkiss gun, ,80,8. 

Human hair, artificial, 521. 

Human spleen, cellulose in, 1. 
llumidifier, 500. 

Hyatt gun methoil, 726. 

Hyatt’s sheeting patent, 668. 

Hyiir.at lylic ackl, .507. 

Hydr.dccllulose, tIOO. 

Hydrate eellulose, 1011. 

Hydraulic nit.rocotton press, 128. 
Hydraulic press, HoHings, 965. 
Ilydrazine, 327. 

Hydrazine phosphite, 832, 841. 
Hydrazine suli)hatc, 841. 

Hydrazine sulphite, 832,841. 
Hydrocellite, 629. 

Hyiirocellulose, 6, 118, 761, 986. 992, 
1027, 1038, 1039, 1040, loll, 1016. 
Hydrocelluloso acetate, 996,1017, 1022, 
1038, 1040. 

—, analysis of, 1036. 

—, damask effects with, 1022, 
Hydrocclhilose acetate lacquers, 1027. 
Hydrocellulose acetate plastic, 1018. 


Hydroeettnlose acetate, jH^nting oo ■ 
textdes with, 1022. 

Hydroceiluiose, acetylation of, 1037. 
Hydrocelluloae and iodine, 6. 
Hydrocellulose diacotate, 1042. 
Hydrocelluloflcs, difference between cel¬ 
lulose hydrates, 7. 

Hydrocellulosc formate, 1004. 
llydrocelhilose, from cellulose, 6. 
Hydrocellulosc nitrates, 33, 34,1027. 
Hydrocellulosc, nitrates of, 61. 

—, preparation of, 6. 

—, reactivity of, 6. 

Ilydrocelluloses, hydrogen dioxide, 34. 

—, svdphuric acid, 34. 

Ilydrocellulose triacetate, 1042. 
Hydrocellulosc, Wirth’s method of pro¬ 
ducing, 77. 

Hydrogen dioxide, blciicliing by, 585. 
Hydronaphthyl ketones, 2,53. 
Hyilnxiuinonc, 517, 764. 
llydroxylamine, 841. 
o-Hyilroxphenylethyl alcohol, 196. 
llydroxylamine, 3'27. 

/(-Hyd roxynaplitlmio acid, 308. 
Hydroxypropionic acirl, 507. 
Hydroxypyruvic acid, 2, 53. 

" Hygienic ” underwear, 17. 

Hygro.scopic moisture constant., 47. 

Iclithyol, 327. 

Hges distillation melhoil, 181. 

Image.s, ri'production of, 885. 

Imitation alahastj-r, ()!t3. 
tinitatiun alligator liide, 395. 

Imitation amlx'r, 691. 

Imitation Is'ar .skin, 409. 

Imitation leaver fur, 408. 

Tinitalion Hnissols carixit, 422. 

Imitation cedar wood, tl,5. 

Imitation champlovd enanud. 697. 
Imitation cloisonn6 enamel, 697. 
Imitation cocabola wooil, producing, 
.348, 351. 

Imitation corid, 740. 

Imitation cork, 106. 

Imitation enqx-, prodneing, 327. 
Imitation damask, 421. 

Imitation draperies, visetiw' for, 1107. 
Imitation ebony, staining, 3.51. 

Imitation eider down, 411. 

Imitation elephant hide, 395. 

Imitation felt goods, 366. 

Imitation, flannel, Canton, 404. 
Imitation flannel goods, 366. 

Imitation furs, 408. 

Imitation gold leaf, 312. 

Imitation hippopotamus hide, 305. 
Imitation horse-hair, viscose, 1089. 
Imitation ivory, 682. 

—, producing, 348. 

Imitation leather, denaturant in mfr, 
of, 1141. 
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Imitation leather, viMoae for,_1103. 
Imitation lithographic stone, 745. 
Imitation mahogany, staining, 351. 
Imitation marbte, 091. * 

—, producing, M8. 

Imitation mohair, 404. 

Imitation monkey skin, 395. 

Imitation mosaic, 695. 

Imitation mother-of-pearl, 311. 

Imitation nutria, 408. 

Imitation onyx, 693. 

—, producing, 348. 

Imitation pearl, 682, 690. 

Imitation rhinoceros hide, 395, 

Imitation rosewood, staining, 351. 
Imitation shellac, 340. 

Imitation silver leaf, 312. 

Imitation textiles, 421. 

Imitation tortoise shell, 6S9, 70t. 
Imitation velour, viscose for, 1107. 
Imitation velvet, viscose for, 1107. 
Imitation woolen gooils, 366. 

Imitation woven fabric, 408. 

Immedial dyes, 1111. 

Incandescent bulbs, etching, 342. 
Incandescent filaments, 520. 
Incandescent mantles, 521. 

Incrustations, bromsc, 098. 

—, gold, 698. 

—, mfr. of, 089. 

—, metallic, 698. 

—, silver leaf, 698. 

Indazine M, 548. 

Indene, 399. 

Independent blasting gelatin, 949, 
Indian cotton, see Cotton, Indian. 

Indian Head Powder Factory, 938. 
Indian yellow R, 451. 

India-rubber substitutes, 411. 

Indigo, 331. 

Indoin blue, .545. 

Indurite, 900, 902, 938. 

Infallible Shotgun powder, 952. _ 
Infallible Smokeless powder, !t55. 
Inflammability of films, 891. 
Inflammable liquids, flash point of. 
1144. 

—, labeling, 1145. 

Inflammables, transportation of, 1142. 
Inflammation, collodion for, 825. 

Ink, for writing on celluloid, 740. 

—, marking, viscose for, 1108. 

—, printing on pyroxylin with, 151. 

—, pyroxylin printing, 325. 

Inlaying celluloid, 698. 

Insecticides, 415. 

—, in pyroxylin, 4,52. 

Insects, tuniein in, 1. 

Insignias, producing on leather, :}95. 
Insoluble nitn^llulosc, determination 
in cellulose nitrate, 972. 

Inspecting machine, for cloth, 375. 
Tnatint paint remover, 264. 


Insulation of wire, by oeffiiteSe «cet*it(K*; 
1029. 

Insulator, celluloid, 698. 

Intensification, 871. 

Intensification of slides, 871. 

Inulin, 2. 

Iodides, solubility of, m alcohol, lo4. 
Iodine gron, 146, 330. 

Iodine violet, 146. 
lodinal collodion, 823. 

Iodised collodion, 823, 838. 

—, uses, 824. 

Iodised negative collodion, 838. 
lotioform, 327, 388, 819. 

Iodoform collodion, 819. 

—, uses, 824. 

71 -Iodophonylalanine, 197. 

Icxlosulphural coihxlinn, 823. 

Iridescent .scales, pnabichig, 327. 
Irisamine, 54t). 

Irisaminc fi, 548. 

Irish moss, 261. 

Iron developer, in photography, S31 
Iron lactophosphate, 599. 

Iron ware, coating, 314. 

Isinglass, 414. 

Isoamyl decoatc 177. 
IsoamylideiieacetoaM'tic ether, 1.50. 
Isoaraylidene-m-amidolxinsoic acid, 

11.50. 

/sobomool, 2.50. 

/sobornco! acetate, 239. 

/sobomool butyrate, 240. 

/sobomcol propionatt!, 240. 

/solmmyl acetate, 242, 250. 

/sobomyl liensoate. 251. 

/.sobutyl alcohol, 185, 301. 

/sobutyl carbinol, 186. 

Isobutylene oxide, 187. 

I. ^ochromatic collodion emulsion, 877. 
Isocol, 884. 

Isoeugenol, 149. 399. 

/.soleuciiK!, 193. 

Isopropyl alcohol, 184, 301. 

Isopropyl liensoate, 184. 

Isosaccharinic acid, 53. 

Isosafrol, 399. 

/.tovaleric alilehydc, 150. 

Itaconic acid, 878. 

Ivory, definition of, 682. 

—, factitious, 682. 

—, imitating grain, 683. 

—, imitation, 682. 

—, imitation, producing, 348. 

Ivoirine, 750. 

Ivorine, 750. 

Ivoryine, 750. 

.1. Powder, 962, 963. 

,1. B. powder, 960. 

J, B. Smokeless powder, 900. 

Janus black, 545. 

Janus blue R, 545. 
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fcau) brows, 380. 
biAas dyeutims, 645,647,648. 
fanns greed, 871. 

Iai»a, 344. 

Ja{wn wax, 262, 734. 

Japanese camphor, 236. 

Japanese gold paint, 308. 

J^Mnese leaf, 312. 

Japanese smokeless powder, 
Jargonelle pear, odor, ISK. 

“ JeUy,” 387. 

Jet, artificial, producmg, 344. 

Jewel, 264. 

Jewel boxes, celluloid, 642. 

Jewels, mounting in celluloid, 71.'>. 
Jewelry, celluloid inlaid, 6!)8. 

—, denaturant in mfr. of, 1141. 
Jujubes, cellulose acetate, in, 1010. 
Jute black GN, 548. 

Jute black N, 548. 

Jute black V, 548. 

Jute nitrate, see nitro-jute. 

Kamptulicon, 413. 

Kaposi's Wart Gollodion, 820. 
Katigen dyes, 1111. 

Kauri, 253. 

Kelly’s collodion paint, 810. 
Kennedy’s bunion cure, 820. 
Keratin, 323. 

Koretol, 370. 

Kerite, 363. 

Kotohoxane groups, S. 

Ketones, 151. 

Ketoses, 58. 

King’s CG powder, 056. 

King’s FG powder, 0,56. 

King’s FFG powder, 0.56. 

King’s FFFG powder, 056. 

King’s FFFFG jrawdor, t>56. 

Kin^s G powder, 056. 

King’s'Scmi-smokcless jrowder, 056. 
Kips, 426. 

Knife handles, imitation horn, 682. 
—, viscoid, 1007. 

Knciflei mantle, 357. 

Kron s nitration procc&s, 90. 
Krystalline, 301. 

Kynoch gelignite, 948. 

Kynoch’s Smokeless powder, 951. 

LX9. 203, 226. 

LXIO, 203. 

I.abels, pyroxylin, 747. 

Lac, 331. 

Lace, artificial, 524. 

I.ace fabric, imitation, 423. 

Lace, gilded, preparation of, 311. 
Laces, 624. 

liacqucr, see pyroxylin lacquers. 

—, acetate, 1(E7. 

—, acetone oil, 303. 

Lacquer, acid-resisting, 761. 


Lacquer, amyl aeetatC) 304. 

—, Solti’s, 303. 

—, brass, 306. 

—, bronsing, iee bronzivg fiquids. 

—, brush, 306. 

—, Chipese, 305. 

—, classification, of 305, 

—, denaturant in, 1127. 

—, dip, 305. 

—, equilibrium of Quids in, 307. 

—, Femer’s, 304. 

—, fish scale, 312. 

—, formula for, Boltons’, 303. 

—, Goldsmith’s, 304. 

—, pirn, 305. 

—, Hale’s, 302. 

—, inflammability of, 307. 

—, Japanese, 305. 

—, mica (Tiller), 312. 

—, Oriental, 305. 

—, I’aget.’s, 304. 

—, photographic, 802. 

—, pyroxylin, early, 301. 

—, pyroxylin-resin. Field’s, 303. 

—, liekl and F.arle’s, 304. 

—I resin, 305. 

—, Wilson and Story’s, 300. 

—, zapon, 301. 

Lacquering, 31!). 

—, Bradford luid llawlins’ metboil, 320. 
—, Juiigtian method, 320. 

Lacquering machiiKw, 341. 

I.acquers, acetone oil, 303. 

—, amyl acetate, 300. 

—, —, history of, 300. 

—, amalysis of, 358. 

—, black, 343. 

—, collodion, 298. 

—, colored, 330. 

-, constants of, 307, 

—, Field’s pyro.'cylin-n>si<i, 

—, modt'rn, 3(X). 

—, non-hygroscop'ic, !i 02 . 

— opacity of pyroxylin, 298. 

—, pyroxylin for cheap, li t. 

—, pyroxylin (paper) for, 114. 

—, pyroxylin, manufactured first at 
301. 

—', pyroxylin-resin, 303. 

—, specific, ii07. 

—, “ water white,” 104. 

Lactamiile. 597. 

Lact ic, 485. 

Ijactic acid, .597. 

Lactose, 255, .503. 

Lactose nitrate, .58. 

IcictoBC tartrate, ‘256. 

Uikes, in pyroxylin plastics, 586. 
Larabertypo, 893. _ 

Lamp filaments, viscose, 10!)9. 

Ijamp sbaiies, lacquering, 338. 

Unolin, 369, 429, 432. 

Lanterns, lacquering, 340. 
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Lanterns, 869. 

Lantern slides, preparation of, 838. 

—, preserving, 870. 

I^ajd, 260. 

Large plate collodion, 892. 

Latex (rubber). 1099. 

Lead acetate, 598. 

Jjearl acetate as stabilizer, 120. 

Lead arsenate, 328. 

Lead arsenite, 328. 

Lead Iwmtc, 623. 

Lead butyrate, 598. 

I>;ad chamtxjr crystals, 995. 

Lea<l fonnatc, 216. 
lead nitrite, 628. 

Lead oxychloride, 629. 

Lead plaster, 414. 
lead propionate, .598. 

Lead ricinate, 629. 
lead ricinoleate, 629. 
lead valerate, .598. 

Leaded glass, celluloid imitation of, 675. 
Leather, albumen coating on, 434. 
]eathcr-lx>ani, 362. 

Leather, lOTarrlod, 443. 

—, buff split, 435. 

Leather cement, flash point of, 1144. 
Leather, chrome-tan, 443. 

—, —, one bath prex-’ess, 414. 

—, —, white, 444. 

Leather cloth, 365. 

—, viscose for, 1110. 
leather, coating, Adams & McKay i)roc- 
ess, 432. 

—, Edson’s process, 430. 

—, —, Field’s process, 431. 

—, —, Kenne(ly'a process, 432. 

—, coating of, 433. 

—, coatings, colored, 451. 

—, —, Pianko’s method, 442. 

—, coating with sensitive colhslion, SS7. 

Leather collodion, 844. 

leather, designs on, priKlticing, 428. 

—, enameling, (ioldsmith’s process, 432. 
—, enamel, preparation, 415. 

—, filling pores, 436. 

—, Aims, attaching to, 430. 

—, flesh split, 435. 

—, —, coating, 442. 

—, glazed, 434. 

—, —, coating, 434. 

—, gold leaf, applying fo, 529. 

—, grain split, 435. 

—, —, coating, Feval’s method, 440. 

—, —, coating of, 348. 

—, hand decorated, 394. 

—, heavy, coating, 435. 

L^tlierine, 362. 

Leather, morocco, odor, imitation of, 
438. 

leatheroid, 362. 

Leather, ornamentation of, 428. 

—, patent, embossing, 440. 


Leather, patent, ethyl acetate in, 434. 

—, —, preparation, 445. 

-, —, pyroxylin solution for, 417. 

—, pebbied, 443. 

—, pyroxylin cosited, classes, 435. 

—, seasoning, 436. 

-, .sized, 434. 

—, —, coating, 434. 

—, split, 435. 

—, —, deep buff, 436. 

—, —, light buff, 436. 

—, —, —, coating, 436. 
leixl powocr, 962. 

.lehner jnantle, 3.57. 
lichner's silk, 471,477. 

—, microscopy of, 5.50. 

~, strength of, ltKt.5. 

Leonard Sntokrlesn powder, Ottt). 

Is^smok powiler, 9.57. 

Is'ltcrs, tran.sparrait, formation of, .309. 
Leucine, lOiJ. 

/-Leucine, 1113. 

LeueiiM', source of, 198. 

L(!UCo-mahudiite given, 878. 

U'vuliuic iu'id, 485. 
l/ivulosc, 2.5.5. 

Ixjvulosi' trinitrate, .58. 

Iz'vulosau trinitrate, .58. 

Liber, 17. 

Libbrecht’s powder. Olid 
L. 3. Libbii'cht’s powder, 963, 

Licella yarn, 1089. 

Light griK'ii d,ve, 151. 

Lightning powder. 9.52. tl.53 951. 

, Lightning smokides' powdci, 951. 

Light nitrolx'iizol, 168, 

Lightno, 226. 

Light solvol, 1.56. 

Lignin, 1. 

Liguocellnlose, 3, 4, 993, ' 

Lignocidlose.s, <iuanlil.ative delermin- 
i at ion of, 4. 

Tiignoid, 748. 

Lignone, 1.56. 

Lignose, 17. 

Lincrusta Walton, 408 

Line drawings, lantern slides of, .873. 

Line lU'gatives, with collodion, 887. 

Line plain collodion, 893. 

Line production, collodion in, 887. 
Linen, impcnneablc, by cellulose acetate, 
1032. 

—, w'ashable, by ccllulom' a.eetali‘, 1032. 
—, washable coating for, 701. 

Linoleum, 406. 

Linoleum apyrofore, 412. 

Linoleum (incombustible), 412. 

Lint, artificial, 521. 

Liipiefaction tc.st, explosive gelatin, 9,84. 
Lii|uid bronze, fla.sh point of, 1144. 
Liipiid court, plaster, 82ti. 

Liquid cuticle, 577, 749. 

Liquid glue, 815. 
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Liquid skin, 824. 

Liquor constringons, 815. 

Liquor opispasticus, 810, 817. 

Litnarge, 440. 

Lithium ueetatf, 5!)8. 

Lithium liicliromatc, 880. 

Lithium liromiile, 025. 

Lithium butyrate, ,598. 

Lithium chloride, 025, 827. 

Lithium iodide, 025. 

Lithium liwlalc, .599. 

Lithium moiuwhloracet.'ite, .598. 

Lithium propionate, 5!IS. 

Litliium saticylalc, 41S. 

Litl)ium valcnate, .598. 

Litliograptiic stone, imitation, 745. 

—, printing on, 877. 

Litlioid, 072. 

Litlioponp, 2i!2. 

Lithoxyl, 74S. 

Linseen, 451. 

Litmus, 121. 

LogwcKid, 

Loose powders, till. 

Lotos strijiping film, 845. 

Love polisliing liand glove, 297. 
l.umieni sfiinning meeliaiiisrn, .527. 
Luinnicr-Brodliulin colorimeter, ,22. 

“ Luster-cellulose,” 1081. 

Lustraceltulose, 459, 591, ,510. 

Lustrogeir, 208. 

Lustrose, 459. 
l.utiditie, 202. 

Lyddite, 907. 

M, I’owder, 902. 

M. I). S. I'nrdite, 929, 927. 

Macaroni (iltering press, 912. 

Macaroni ])ress. Oil. 

Macintosh material, 412. 

Madiler, 221. 

Magdala n'd, 220. 

Magenta, 519. 

Magic paint remover, 201. 

Magic lantern slides. 809. 

Magnesite, .src magnesium carbonate. 
Magnesium ncetai<', 205, .598, 020, 992, 
loot) 1001,1004. 

Magne.sivun borate, 087. 

Magnesi\nn bromide, 025, 

Magne.sium butyrate, lOtlO. 

Magnesium carbonate, 221, 

Magn(!sitim chloride, 025. 

Magnesium iodide, 025. 

Magnesium lactate, .598. 

Magnesium lactophosphate, 599. 
Magnesium monochloracetate, .598. 
.Magnesium nitrate, 19. 

Magnesium ?n-oxytetr;u>thyl-dinniidotri- 
phenylcarbidrid disulphoiuite, 1129. 
Magnesium powders, 908. 

Magnesium propionate, .598. 

Magnesium ricinoleate, 252. 


Magnesium stearate, 263, 321. 
Magnesium sulphate, 19, 627, 1063. 
Magnesium sulphoricinoleates, 253. 
Magnesium valerate, 598. 

Mapiesium viscose, 1100. 

Maisin, 749. 

Malachite 330, 451, 548, 1024. 
Maitodextrin, 713. 

Maltose octonitratc, 58. 

Malvacffi, 11. 

Mandarin G, 451. 

Manganese acetate, .598. 

Manganese bromide, 02.5. 

Mnnganc.se butyrate, .598. 

Manganesf! chloride, 1.52, 625. 

Manganese iodide, 625. 

Manganese lactophosphate, 599. 
Mangane.se propionate, 598. 

Manganese rcsinate, 262. 

Manganese salts as ilenitrifiers, 488. 
Manganese valerate, 598. 
Maiinasaccharide, 2. 

Mann method estimating mercuric chlo¬ 
ride, 972. 

Mannitc, 510. 

Mannitol, 510. 

Mannitol stearate, 1007. 

Mantles, Welsbacli, 252. 

Maps, liKKpiering, 221, 234, 343. 

Marble, imitation, 091. 

—, —, producing, 348. 

Marino blue, 330, 451. 

Marino objects, mounting of, 328. 
Mariotte’s law, 323. 

Marksman powder, 951, 9.52, 954. 
Marloid, 748. 

Marokeno, 370. 

Marsdon gcxxla, 416. 

Martingale ring.s, celluloid, 647. 

Mastic, 1.50, 309, 243, 1928, 1096. 
Ma-tication, of pyroxylin plastics, 008. 
Matagnite gelatin, 964. 

Matagnite powder, 904. 

Maleli composition, pyroxylin, 320. 
Matches, pyroxylin, 90S. 

Mathematical instruments, lacquering 
329. 

Matte lacquers, 343. 

Matte, leather, producing, 389. 

Matte paper emulsion, 892. 

Mnuriln, 59. 

Maximite, 939. 

Maxim rifle, 898. 

Maxim-iSchiipphaus powder, 940. 
Mayer’s glycerol-albumen, 802. 
Medallion backs, pyroxylin, 718. 
Me<lallions, celluloid, 089. 

—■, celluloid inlaid, 098. 

Medusa;, mounting of, 328. 

Mcers’ artificial leather, 370. 

Melczitoae, 2. 

Melinite, 967. 

Melon essence, 227. 
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Meltaway paint remover, 264. 

MenOta cnspa, UiJ. 

Meniha pvleginm, 

Menthol, 149, 1034. 

Menthol collodion, 82.'i. 

Morcerization, 9, 1057. 

Mercuric bromide, 625. 

Mercuric chloride, 479, 625. 

—, as stabilizer, 121. 

—, estimating traces, 973. 

Mercuric iodide, 025. 

Mercuric sulphide, 720. 

Mercurou.s salts us deuitririers, 4,8.8. 
Mercury, detection of, 973. 

Mercury fuhuinale, denaturani for, 1129. 
—, discovery, 899. 

Mercury in eellul^>.s^^ nitrates, .52. 
Mercury, masking heat test by, !I71. 
Mesitylene, 263. 

Mctaeelhilose, 3. 

Metabisulphites ns viscose eoagulaiit, 
1066. 

Metacetone, seedielhyl ketone. 
Me1achro)naty(tes, 7'i4. 

Motaldehyde, 1.54. 

Metallic inenistations, 69S. 

—, mfr. of, 6.89. 

Metallized films, protlucitig. S86. 
Metallized pafters, producing, SS6. 
Metallodion, 626. 

Metallodium, 026. 

Metanil yellow, 320, .547. 
A/e(«ttilro/)«r«ere.sol, 399. 
Metaphosjthoric acid, 993. 

Meteor, ,520. 

Methe,nyl-3.4-toluylenediamine, 250. 
Methc,ny!-o-toluyIenediainine, 250. 
Methettyltriehloramiilin, 250, 255. 
Mcthylacetanilide, 2.52, 25,8,1021. 

Methy lacetani I ii le-phen y Itieet am i. le, 2,52. 
Methyl acetate, 149, 157, 22,8, 598. 
Methylacetone, .sec methylethyl ketone. 
Methyl acetone, 206. 
s-Methylacettet racldnrauilide. 2.52. 
aii-Mpthylacetyltetrachloranilide, 255. 
Methylal, 148. 

Methyl alcohol, 1.81. 

—, acetone in, 1115. 

—, bromine absorption of, 1116. 

—, constants of, 1115. 

—, denaturnnt, 1114. 

—, determinhig in lacquers, 359. 

—, esters in, 1116. 

—, flash point of, 1144. 

—, tasts for purity, 1115. 

Metliylaraine, 240. 

Mcthylamvl ketone, 152. 

Methylaniiine, 2,52. 

Methylated ether, 1.53. 

Methylated spirits, 1.54, 266. 

Methyl benzoate, 147, 155. 
Sj/m-methylbcnzoyltrichloranilinc, 252. 
Metbylbutyl ketone, 151, 152. 


Methyl blue, 330. 

Methyl carbamate, 259. 

Methyl carbanilate, 259. 

Methyl carlmlate, 267. 

Methyl carbonate, 155. 

Methyl chloride, 154. 

Methyl chloroform, 171. 

Methyl cicsylatc, 267. 

Methylene blue, 330, 343, 802, 1024, 
1025. 

Methylene blue BB, 548. 

Methylene blue (i, .548. 

Methylene blue, 3R, ,549. 

Methylene blue, alworptivo powers of, 34. 
Methylene ethylene other, 244. 

Met hylene-glycerol, 244. 

Methylene grerm, 451. 

Methylene oxide, 541. 
Methylenctelramin, 758. 
Mcthylethenyltrichloramidine, 250, 255. 
Methyl ether, 157. 

Methyl-H,<‘ther, 157. 

Mcthyethyl ketone, 151. 

Methylethyl sulphate, 997. 

Methyl formate, 147. 

—, as cellulose acetate solvent, 965, 999. 
Methyl green, 207, 330, 343, 451. * 
Methyh'jioamyl ether, 157. 
Methyh'sohutyl ctlier, 1.57. 
Methylmcthonyltrichloramiiline, 255. 
Mttthylnaplilhyl ketone, 254. 

Methyl nitrate, 146, 150. 

Mctliyl orange, 803. 

.Methyl oxalate, 229, 1019. 
Metbyloxynaphthyl ketone, 254. 

.Methyl oxantilate, 254. 

Methyl phthalate, 2.56, 101,0. 

Mi-tliyl pro])ionate, 231. 

51 ethyl-propyl earhinols, 180. 
Metiiylpropylcarl)inyl acetates, 213. 
Methylpropyl ketone, 1.51, 152. 

Methyl salicylate, 147, 150. 
Methylsalirelin, 758, 

Methyl sebacate, 148, 253, 417, 719. 
Methyl silicate, 307, 491. 

Methyl succinate, 256. 

Methyl sulphate, 1()(!4. 
Methyl-o-toluylcne<liamine, 2.55. 

Methyl p-toluene.sulphamate, 1017, 
Methyl p-toluidinesulphonate, 1016. 
Methyl valeral, 152. 

Methyl valerate, 148. 

Methyl violet, 343, 451, 802, 1025. 
Methyl violet B, 1031. 

Jlethyl violet 2B, .548. 

Methyl violet 7B, 548. 

Methyl violet R, 548. 

Mexican fitter, 3.57. 

Mexican gra.sR, .520. 

Mexican onvx, 094. 

Mica, 312, 419, 090. 

Mica lacquer (Tiller), 312. 

Microcotton, 795. 
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Miero-organismB, effect of, on rtability ] 
of celluloee nitrates, 51. 

Microphone carbons, 521. 

Microscopes, lacquering, 329. 

Microscopy, cellulose nitrate in, 793. 
Mikado brown B, 451. 

Military guncotton, see cellulose mtrato. 
Military powder, 952. 

Millon’s reagent, 459. 

Minohew woof, 471. 

Mineral fiber, 454. 

Mineral jelly, in cordite, 930 
Mineral oils, purification of, by amyl 
alcohol, 208. 

Mineral turpentine, 272. 

Mineral wax, see paraffin. 

Mirac paint remover, 2G4. 

Mirrors, celluloid, 718. 

Mirror backs, celluloid, 718. 

Misvsion leather, 390. 

Mistic paint remover, 204. 

Mixed acid, determination of, 70. 

“ Mixing picker ” for cotton, 79. 

Modditc, 937. 

Modern lacquers, 300. 

Moliair, artificial, 404. 

Moirettes, 423. 

Moisture, determination in cellulose 
nitrate, 972. 

—, determination in explo.sivea, 983. 

—, in artificial filaments, 555, 559. 
Moisture on window panes, preventing, 


Molded boat, articles like, of celluloid, 
003. 

Moldings, celluloid coated, 0,53. 

—, denaturant in mfr. of, 1141. 

—, jiyroxylin, 731. 

Molding pyroxylin plastic slabs, OiO. 
Moldings, vLscoid, 1098. 

Moleshotl’s iodized collodion, 82.1. 
Monkey skin, imitating, 395. 
Monoacetmonochlorhydrin, 2.53. 
Monolienzoin, see glycerol monolienzoate, 
Monobromatwl camphor, denaturant m 
mfr. of, 1141. 

Monobr-'meamphor, 259. 
Monoohloracetic acid, 997. 
Monochlorbcnzyliilene diacetates, 2 jj. 
Monochlordinitroglycei-ol, 947. 
Monochlomaphthalin, 2.54. 
Monochlortriphenyl phosphate, 254. 
Monochlorvaleraklchydc, 1.50. 
Monoethylacetyltrichloronihde, 25.>. 
Monoethylamine, 515, 

Monoethyl oxalate, 148. 

Monoethyl phthalate, 254. 

Monoethyl sebacate, 148. 


Monol, 236. . , 

Monomethylacetyltnchloranihde, 255. 
Monomethylaminc, 515. , , 

MonoincthylaTninobenzyl alcohol, 251. 
Mononitrocellulose, 25. 


Mononitrooellulose, formula of, 26. 

—, per cent nitrogen in, 26. 
Mononitrodiacetins, 151. 
Mononitromethane, 908. 
Mononitronaphthalin, 154,272,416,925, 
957. 

Mononitrotoluene, 356. 

MonoOlein, see glycerol monoOleate. 
9:10-Mono6xyphenanthrylamine, 976. 
Monopersulphurio acid, 247. 
Monosulphoglyceric acid, 499. 
Monothiocarbonates, 10.59. 

Morano’s nitration process, 91. 

Mordant, viscoseas, 1108. 

Moreens, 423. 

Moriwcoline, 369. 

Mosaic, imitation, 695. 

—, —, bars of, 638. 

—, —, rods of, 638. 

, sectile, imitating, 696. 
Mo(her-of-pearl, imitations, 311. 

Motion pictuies, 860. 

Motography, 865. 

Motorite, 936. „ , 

Mottled effect, producing in celluloid, 
638. 

Mourning jewelry, lacquer for, 344. 
Mouth whistles, celluloid, 664. 

Moving pictures, 806. 

Muceilin, 749. 

Mud guards, celluloid, manufacture of, 
.574. 

Mulberry silk, 470. 

Mulder’s xanthoproteic acid, 60. 
Miilleritc, 901. 

Milllerite No. 1 powder, 964. 

Miillerite No. 2, !I64. 

Multicolor effects, producing, 348. 
Multiperforateil powder, 900. 

Muriate of iron, see ferric chloride. 
Museum specimens, prejiaration of, 328. 
Musk artificial, 186. 

Musk Baur, 186. 

Mutlimann’s Liquid, 172. 

Mi/ceiozoa, 52. 

Mycoderma cermsuie, 177. 

Mycoderma eUipsoideus, 177. 

Myrrh, 334. 

N. C. films, 844. 

Nahnsen’s gelignite, 948.- 

Nail brushes, celluloid, mfr. of, 716. 

Naphtha, see benzine. 

Naphtha cement, flash point of, 1144. 
Naphtha, flash point of, 1144. 
Naphthalene, 249, 253, 255, 258, 327 
48.5, 1016. 

Naphthalene chlorides, 259. 
Naphthalene sulphonates, 241. 
Naphthaliii, 758. 

Naphthionic acid, 193. 

Naphthol, 249, 258, 322, 327, 398, 399 
415,-764, 1014. 
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NftoUthol beMoate, 258. 
8-Naphtholdisulphonic acid, dUS. 
Naphthol green B, 7;Vf 
Naphtholsulphonic aciU,_UH7. 

Naphthol yellow, 330, 878. 

Naphthol yellow S, 732^ 
Naphthoxylacotates, 2.)a. 

Naphthyl acetates, 255. 

Naphthylaniines, 241, .iOO. 
a-Naphthylaraine, 102t. 

Naphthylaniine chloride, 100.1. 

Naphthyl blue, 330. 

Naphihylmethanes, 2o.). 

Naphthyl naphlhoxylacetate, 2o,). 
Naphthyl siilphamido, 241. 

Naphthol yellow S, 4ol. 

Narcotine, 819. 

Natimia! gelignite, 948. 

Naval Smokeless powder, 9.18. 

Near turpmitine, 272. 

Nepalivo, adtliiiS cloiuls to u, h/ — 
Negative cotton, 37. 

Negative, varnishes, 844. 

Negraline, 344. 

Noonite powder, 902. 

Neptune green, 879. 

Netirtalin, 259. 

Neutrali7,arit, dolomilc as a, — i. 

—, liniestono as a, 221. 

—, magnesite as a, 221. 

—, c|uicklime as a, 221. 

—, zinc carlmnato as a,—i • 

Neutral spirits, flash point of, ‘ly- 
New E. C. Improved powder, 9.:., .mo 
New fast green 211, M8. 

New fast gitam 311, .548. 

New methylene blue . 

New Sehultze powder, 9o_, .tio. 

“ New Skin,” 824. 

New victoria blue F, ol.s. 

New victoria blue H, .548. 

New Zealand flax, 40. _ 

Nickelous bromide, 025. 

Nickclous chloride, 1.52, O-o. 

Nickelous iodide, 025. 

Nicotine, as denaturant, 1128. 

—, (letonnmalion oi, 11-o. 

Niprosinc, 330, S32. 

Nile blue B, 5bS. 

^.NilrSne-^ljcnzylsulphonic acid, 

30K 

;r-Nitraniline-n-car1>oxylic neid, 308. 
p-Nitraniline-o-siilpliomc acid 

Nitrated explosives, decomposition 
spontaneous, prevention, Jui. 
Nitrated filter cloth, 

Nitrated guncotton, ••.>(». 
Nitrated paper, lileachmg, .>84. 
Nitrated ramie, 578. _ 

Nitrated silk, nitrogen m, faO. 
Nitrated tissue, 8.56. 

Nitrating acid, composition, 114. 


Nitrating acid, oompositionlof, 87, 99. 

—, fortification of, 132. 

—, heating of, 99. 

—^ recovery of, 132. 

—’ storage’in Bessemer steel tanks, 84 
—’ waste, 100. 

fortifying, 100. 

_^ —, separation ol, iuu. 

Nitrating apiiaratus, 781. 

Nitration, acids used in, 83. 

Nitration and washing, combination of, 

97. 

Nitration, degrees of, 2o. 

-, direct, dipping process ot, 84. 

.- , displacement, tl29. 

Nitration mixtures, properties ot, 88. 
Nitration of cellulose, acid fortification, 

■ bi2. 

—, influence of water on, .iU. 

Nitration, theory of, 35. 

Nitric acid, 449. 

, synthetic, preparation, l.t/. 

—, vapor pressure of, 30. 

Nitroacetaiiilide, 2.52. 

Nitroaeetins, 1.57. 

Nitroaeet.ohiides, 2.52. • 

o-Nitroacylamido denvativM, 2M1. 
Nitrolienzene, 14.5,,118, 2(b 202 272, 
3,')0, 902, 939, 917, 987, 994, 1001. 

Nit rolxmzy! clilorides, 2.50, ^ 

Nitroeellulose-easeni hboi'''t'ls, •>'"• 

Nitroei'llulose explosive^ 781, i.... 
Nitrocellulosi* jiow'der, 7.1-. 

Nitrocelliilosi' silks. 4.50. 

—, luster iiiereasitig, 4,59. 

Nitriiceihilose, solvents of, 144. 
Nitroeuminol, 1004. 

Nitrocuiiiol, 411. 

Nitrocymone, 411. 

Nitrodextrin, .511, iMO. ■ 

Nilrocthane, 472. 

«-Nitr(H*tliyllH;nzene, 1004. 

Nitrofonnins, 157. . , . 

Nitrogen, determination by Dumas 
method, 08. 

— determination of, 05. _ 

Nitrogen oxides, detennm.ation o O.i. 

_removal from nitrating acid, 1.44, 

^;im&,'i^i,'^,304,394,909. 
Nitroglycerol absurlK^uts, 94S. 

Nilroglycerol explosives, 94b. 
Nitroplvcerol-gimcotton explosives, 945. 
of 1 Nitniglyccrol, inlubiting malentils lor, 

' 948. 

Nitroglycerol spirits, flash point of, 1144. 
Nitroglycerol, testing, 984. 
Nitrogiinnidin, 935. 

Niti'ohydrocellulose, 01. 

Nitro-jiite, 4, .57, 904. 

Nitrolactine, 940. 

Nitrolactose, 946. 
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NttFolinolein, 305. 

Nitrolite, 046. 

Nitromannite, 57. 

Nitrometer, 65. 

—, inventor of, 24. 

—, two-bulb, 65. 

Nitroinethane, 048, 989. 

Nitron, 768. 

Nitron nitrate, 768. 

Nitrophenol, 1014. 

Nitronaphthalins, 154, 3.56, 411, 627. 
Nitro-oxycelbilose, 01. 
Nitropentaerythrile, 57. 

Nitrophenol, .360. 

Nitrophtlialic acid, 175. 
Nitropnissidcfl as denitrifiers, 488. 
Nitroricinolein, 305, 412. 
Nitrosoccharose, .59. 

Nitrosaccharosc in photography, 829. 
Nitro silk, 460. 

Nitrosoguanidinc, 935. 

Nitrostarch, 485. 

Nitrotolueno, 138, 1004. 
o-Nitrotoluene, 1004. 

Nitrotoluidine, .56. 
p-Nitrotoluol, 2.58, 411. 

Nitrous ether, denaturant in mfr. 
1141. 

Nitroxylin, 899. 

Nitroxylol, 411, 1004. 

Non-curling 61ms, 844. 

Normal hygroscopic inoi.sturo, 47. 

“ Normal ” Hmokeless powder, 961. 
Nonnami’s copt«'r compound, 1046. 
Norway spirits, 272. 

Nougat, cellulose acetate in, 1010. 
Nutria, imitating, 408. 

Nuturps. 272. 

Oarite, 962. 

Obcrbruch silk, 501. 

Obermiillcr test, 969, 977. 
Octa-acetylcellobiose, 990. 
Oct-acetyldigluco.se, 2.50. 
flctouitroceliulosc, formula of, 20. 

—, |)er cent nitrogen in, 26. 
(Enanihy'ic acid, 1(XJ7. 

Oil of amler, 398. 

Oil of anise, 149, 398. 

Oil of a.spic, 628. 

Oil of balm, 148. 

Oil of buy, 1.53. 

Oil of IxTgamot, 398, 802. 

Oil of birch, 398. 

Oil of birch tar, 150. 

- , reclihed, 148. 

Oil of bitter almonds, 1.53. 

Oil blown, 431. 

Oil of cade, 398. 

Oil of cajeput, 1.53, 398, 802. 

Oil of camphor, 236, 29!), 398. 

Oil of caraway, 149. 

Oil of caraway chaff, 153. 


Oil of caraway seed, 153. 

Oil of cassia, 146, 148, 742. 

Oil castor, acetylated, 1033. 

Oil of cedar leaf, 153. 

Oil of cedarwood, 398, 802. 

Oil of cliamomile, 149, 150. 

Oil of cherry laurel, 148. 

Oil of cinnamon, 140, 149, 1,50. 

Oil of ciimamon (Chinese), 153. 

Oil of cinnamon, heavy, 148. 

Oil of citronella, 148,153,206,398. 
Oil of cloves, 14<), ,802. 

Oil of clove buds, 153. 

Oil of cotl.onseed, 367. 

Oil of culxjba, 153. 

Oil of cumin, 149. 

Oil of cypre.s.s, 398. 

Oil of dill, 14<). 

Oil of elecampane, 149. 

Oil of erigeron, 1.50. 

Oil of eucalyptus, 1034. 

Oil of fennel, 398. 

Oil of fennel seed, 149. 

Oil of ginger, 1.53. 

Oil of golden rod, 149. 

Oil of heavy wine, 149. 

Oil of hemlock, 153, 398. 

Oil of hyssop, 149, 160. 

Oil of junijxT, 398. 

Oil of laurel, 149. 

Oil of lavender, 628, 802. 

Oil of lemongrass, 153. 

Oil, linseed, boiled, testing, 447. 
Oil, linswid, boiling of, 440. 

—, —, ilriers for, 446. 

-, —, tanked, 446. 

Oil of maiso, 412. 

Oil of marjoram, 149. 

Oil of melissa, 148, 1.50. 

Oil of mirbano, 168. 

Oil of myrtle, 149. 

Oil, olive, 367. 

Oil of origanum, 398. 

Ol. origanum, crctici, 802. 

—, gallici, 802. 

Oil, palm, 367. 

Oil of palmarosa, 149, 150. 

Oil of parsley, 2:15. 

Oil of patchouly, 398, 428. 

Oil of pennyroyal, 148, 1,50, 2,56. 
Oil of peppermint, 149, 153. 

Oil of pimento, 153. 

Oil of rape, 308. 

Oil of rosiomary, 1.50. 

Oil of me, 150, 153. 

Oil, Russia leather, 398. 

Oil of sage, 149. 

Oil of sandalwood, 153, 802. 

Oil of sassafras, 149, 150, 153. 

Oil of savin, 1,53. 

Oil of spearmint, 146, 150. 

Oil of spruce, 153. 

Oil of sweet birch, 147. 
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Oil of tansy, 149, 150, 163. 

Oil of thuja, 250. 

Oil of thyme, 802. 

Oil of thyme (red), 153. 

Oil of vjerian, 149. 

Oil of vetiver, 398. 

Oil of wine, light, 149. 

Oil of wintergrecn, 147. 

Oil, wood, Chinese, 447. 

Oil, wood, Japanese, 447. 

Oil of wormsood, 149,150. 

Oil of wormwood, 149,153. 

Oils, vulcanized, 473. 

Oleic acid, 734. 

Oleoacetin, 151. 

Oleodiacetin, 151. 

Oleoresins, 334. 

“ Oleum,” 83, 135. 

Oleum andr&jwgan citrati, 153. 

Olszewski converting machine, 030. 
Omnicolor plates, 881. 

Onyx, imitation, 093. 

Opacine, 343. 

Opals (photographs), 809. 

Opal blue, 330. 

Opaque lacquers, 344. 

Open-seam coverings, celluloid, 040. 
Ophrydium veruntile, cellulose in, 1. 
Optics, celluloid in, 733-. 

Optical analysis of cellulose nitrate, 44. 
Optical frames, celluloid, 733. 

Orange 2,451, 547. MS. 

Orange 4, 547. 

Orange tl, 803. 

Orange shellac, 335. 

Orcein, 810. 

Orchitis, collodion for, 825. 

Ordnance Department 115° test, 909, 
973. 

Ordnance powder, mfr. of, 90S. 

Organic residue, determination in cel¬ 
lulose nitrate, 972. 

Organic sensitizer, 830. 

Organic sensitizers, in photography, 832. 
Organzine, 478. 

Oriental gold paint, 308. 

Oriental jtaper, 322. 

Oriental tissue, 312. 

Orientation in celloidin, 799. 

Orth’s discharging fluid, 803. 
Orthochromatlc collodion emulsion, 877. 
Orthochrome, 884. 

Orthopedic surgery, celluloid in, 721. 
Ossein, 518. 

Ostrich plumes, preserving, 410. 

NitOva, collodionization of. 808. 
Nitraffr-intensificat'on, overcoming, 871. 
Nitratet jc “cid, 53, 260, 444, 485, 585, 885. 
Nitrated ral 
Nitrated silk tirs, 2.55. 

Nitrated tissue, monoethyl and diethyl 
Nitrating acid, com^ ,^ 


Oxamide, 56. 

Oxidized effect, producing, 34,5. ■ 

Oxolin, 412. 

Oxyacctophenon, 252. 
jeoxylienzophcnon, 252. 

Oxyccllulose, 8, 990, 993. 
a-Oxycellulose, 8. 

/9-Oxycellulo8c, 8. 

Oxyccllulose, acetylated, 990. 
Oxydiaminc black J E, 548. 

Oxydiamine blues, 548. 

Oxydiaminc brown G, 548. 

Oxydiaminc re<l, 548. 

Oxyccllulose, formed in nitration, 32. 

—, from jute, 4. 

Oxycellulosc nitrate, 8, 33, 34. 

—, formation of, 32. 

Oxyeclluloscs, bromine, 34. 

—, calcium hypochlorite, 34. 
Oxyccllulose, nitrates of, (>1. 

—, nitric acid, 34. 

—, potassium chlorate, 34. 

—, potassium pennang-anate, 34. 
Oxydianil yellow 0, 549. 
p-Oxyethylacetanilide, 262. 
Oxyiiitrocellulose, action of potash on, 
62. 

Oxy))henyll)enzyl ketone, 252. 
Oxypyruvic acid, 71. 

Ozokerite, see'iJaraffln. 

Ozone, 22. 

Ozonized oils, 153. 

Packing rings, eelhtloid, 098, 

Page regulator, 979. 

Paint material, viscose as, 1103. 

Paint removers, 200, 781. 

—, acid, 260. 

—, albuminous containing, 208. 

~, analysis of, 271. 

—application of, 203. • 

—, casein containing, 268. 

—, composition of, 260. 

- -, cyanide, 200. 

—, disintegrating, 2()0. 

—, protcid containing, 207. 

—, roughing, 264. 

—, solvent, 202. 

—, stripping, 209. 

—, thickeners, 264. 

—, uninflammable, 207. 

—, viscose in, 267. 

—,, water soluble, 200. 

—, wood spirits, estimation of, in, 271. 
Palladium chloride, 796. 

Palm species, nitration of, 69. 

Palmitin, 151. 

Panchromatic collodion emulsion, 878. 
Panclaaite, 621. 

Pancreatic secretion, dialysis of, 812. 
Pantasote, 397. 

Paper, Armenian, 322. 

PorwzT* I’lnllora . 
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P«pef, eellulMded, 673. 

Paper eollodion, 823. 

Paper, continuous coating of, 849. 

Paper emulsion, glossy, 893. 

—, matt, 893. 

Paper, enameled, 418. 

Paper fasteners, lacquering, 331. 

Paper, tor nitration, 104. 

Paper, glazing, 851. 

—, impregnation of, 416. 

T—, impregnation with pyroxylin, 321. 

—, lacquering, 334, 343. 

—, metallized, preparing, 880. 

—, nitrated, bleacliing of, 584. 

—, nitration, 118. 

—, —, acid formula, 113. 

—, —, centrifugal, 95. 

—, —, continuous, 114. 

—, —, Hyatt method, 107. 

—, —, Mowbray mctho<l, 100. 

—, nitration of, 104. 

—, nitration, Sohupphaus and White 
method, 104. 

_, —, Tribouillet and do Besancle 
method, 107. 

Paper oriental, 322. 

Paper, storeotypo, preparing, 322. 

—, viscose sized, 11)99, 1101. 

Papier macU, preparing, 301. 

Paproxyl, 104, 303. 

Paracasein, 519. 

Paracellulose, 3. 

Paraffin oil, 201. 

Paraffin sections, 794. 

Parafflnum Uquidum, 931. 

Paraform, nee trioxymethylene. 
Parafonnaldehyde, 399, 1012. 

Paraform collodion, Sl9. 

Paraldehyde, 154, 537. 

Paranitraniline, 1024. 

Paranitraniline re<l, 1024. 

Paranoid poker chips, 679. 
Paraphosphine, 451. 

Paraphosphine G, 549. 

Para-pyroxylin, 704. 

Parasol handles, covering with celluloid, 
641. 

Parchment paper, preparation of, 8 . 
Parian marble, 692. 

Parisian artificial silk, .501. 

Parkesine, 304, 508. 

—, method of manufacture, .569. 
Parkesite, 569. 

Parlor teimis balls, celluloid, 727. 
Paroxylin, 856. 

Parrot paint remover, 264. 

Partsine, 751. 

Pasbosene, 38, 580. 

Passementerie, 525. 

Patent blue, 647. 

Patent leather, 425. 

—, artificial, 404. 

Patentoid, 451. 


Patent pho^lune G, 548. 

Patent phosphine GG, 648. 

Patent phosphine R, 548. 

Patina, 428. 

Pauly silk, 1077. 

—, breaking strain of, 553. 

—, microscopy of, 550. 

Pavy’s collodion, 820. 

Peachwood, 331. 

Pear, Bergamot, essence, 227. 

I’ear drops, 225. 

Pear, glycolignose in, 4. 

—, Jargonelle, essence of, 227. 

—, pectoccllulose in, 4. 

Pearl, imitation, 682, 090. 

Pectin, 3. 

Pectocelluloses, 3. 

Pectose, 3. 

Pegamoid, 339, 750. 

I’tigamoiding, 7.50. 

Pegamoid paint, 751. 

“ Peinture incombustible,” 1103. 

Pencil eases, celluloid, 642. 

—, making, 420. 

Pencils, lacquering, 337. 

PenholdcrSj celluloid, 737. 

—, laequenng, 337. 

Pens, celluloid, 737. 

Pewillium glmicum, 187. 

Peninsula paint remover, 204. 
Pennyroyal European, 153. 
Pontacet'ylglucose, 1008. 
Pentacetyllcvulose, 256. 
Pentachlorethane, 172, 989. 
PentiKdilorethylene, 1014. 

Pental, 207. 

I’entanitrocelhdosc, 27. 

—, formula of, 20. 

—, per cent nitrogen in, 26. 
Pcntanitrostarch, 56, 57. 

Pentoses, nitric acid esters of, 58. 
Pepsin, collodion with, 814. 

Pcrchoid, 413. 

Perfume paper, preparing, 322. 
Pergamyn, 20, 750. 

Perlmuttin, 312. 

Permanganate, bleaching by, 584. 
Permeability, unit of, 813. 

Peru lialsam, ere balsam Peru. 

Peru balsam, 30.5, 334. 

Peruvian cotton, sec cotton, Peruvian. 
Pessary, celluloid, 729. 

Petroid, 673. 

Pctroleiun ether, flash point of, 1144. 
Petroleum naphtha, see benzine. 

Pet/ton powder, 939. 

Phalliisiae., tunicin in, 1. 
Phamiacopoeal collodions, 816. 
Pliarraacopoeias, pyroxylin in, 115. 
Phellandrene, 149, 236. 

Phcnacetin, see acet-p-phenetidin. 
Phenetol, 779. 

Phenoid, 264. 
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Phenol, 252, 257, 206, 802, 987, 1013, 
1014. 

Phenolbroiiiidoa, 259. 

Plieuol carbonic esters, 253. 
Phenolchlorides, 25i). 

Plienolsulphonic acid, 990, 1039, 1017, 
1048. 

I’henoltrichloridc, 259. 

I’iieuylacctainiilc, sec acetanilide. 

Phenyl acetate, 1,57, 172, 207. 
Plu'nylacetic acid, 1007. 
d-Phonylalauinc, ItlO, 

Plienylainhioacctic acid, see phenyl 
Klyciwoll. 

Phenylaminoljen*yl alcohol, 251. 
Phenylbenzyl keionc, 2.52. 

Phenyl citrale, 255. 

Phonylene diamine, 219. 
wi-Phenylencdianiinc, 970, 1024. 
I'henylethyl alcohol, 190. 

Phenyl formate, 255. 

Phenyl slycocoll, 193. 

Phenylhydrazine, 33. 
PhenylnapUthaliiK', 255. 
PbeuyloxylacctuteK, 255. 
Phenyloxylacetic acid, 255. 

Phenyl phosphate, 1012. 

Phenyl propionate, 255. 

Phcnylpropionic acid. 1007. 

Phenyl propyl cinnaniate, 251. 

Phenyl salicylate, see salol. 

Phenyl p-suiphetliylanilidi!, 251, 

Phenyl tartrate, 255. 

Phenyl 7 >-tohiencsiili)bmiuti', 251. 
Phiealian marble, imitating, 093. 
Philadelphvs corimnruius, 185. 
Philoaopnical instruments, lacrpicrini?, 
329. 

Phloxinc, 33tt, 517. 

Phoenix powdci', 949. 
Phononraphrylinders, celluloid, 733. 
Phloronlucinol, 701. 

Phosphine, 451. 

Phosphoric acid. 491, 513. 993, 103.S. 
Phosphoras oxychlor-ide, 2rsl, 993, 
Phosphorus ponlachloride. 993. 
Phosphorus pent oxide, it93. 

Phosphorus tbiochloiide, 2.51. 
Phosphorus trichloride, 2.54. 
Phosphosulphui'ic acid, 4tll. 
Photocotton, 37. 

Photo-ensravings. lienaturant for, 1129, 
Photouuilargements, denaturants in 
mfr. of, 1111. 

Photographic collmlion, denaturant for 
mfr. of, 1129. 

Photographic dry plates, ilenaturants 
in, 1127. 

Photographic emulsion. 781. 
Photographic films, acetate, 1015. 
Photographic film developuig machine, 
781. 

Photographic films, manufacture, 839. 

■4 


Photographic films, uninflammable, 1014, 

lOlo. 

Photographic lacquers, 892. 
Photographic papers, analysis of, 897. 
Photogi-aphic pellicles, preparing, 839. 
Photographic pellicle, producing, 846. 
Photographs, jmsitivo, transparent, 873. 
Photographic screens, celluloid, 732. 
Photographic slicets, producing, 852. 
Photographs, glazing with pyroxylin, 
32ti. 

i’lmtograpliy, collodion in, 827. 
Pliotomctry, amyl acetate in, 228. 
Photo-prints, denaturants in mfr. of, 
1141. 

i’hotosjx'ci roscopy, 883. 

I’hotoxylin, 37. 38, litlti, 749, 795. 
Phrygian marble, imitating, 092. 
Phthalic acid. 7Ut. 

Phtluilic aci<l esters, 2.54. 

Pldludonic acid esters, 2.54. 

Phf/tclephns miienKtirpit, 59. 

Piano keys, celluloid coated, 731. 
Piemner, 72. 

Pioatinny Arsenal, nitration at, 96. 
Picric acid, 834, 877. 

—, guncotton and, 967. * 

Picture frames, denaturant in mfr. of. 
1141. 

lacquering, 349. 

I’icturc moldings, celluloid coated, 653. 
I’icttiri'.s, preserving liy celluloid, 745, 

;, waterproofing by celluloid, 745. 
Pigment determining in lacquers, 35t). 
Pigmenhs, fixing on textiles with sericosc, 
1022. 

Piles, colhidinn for, 825. 

Pinochrome, 877. 

Pinaeyanol, 831, ,877. 

Pinaverdol, 832, 834. 878. 

Pincushions, enameling, ,347. 

Pins, cellnloid inlaid, litlH. 

Pin trays, celluloid, 728. 

Pine lurjientiiic, 272, 

Pincnc, MS, 236, 271. 

— chloride, 237, 240, 242, 250. 
d-Pinenc cldoridc, 237 
Pincnc hydriodide, 245, 

Pinene perozoni<lp, 245. 

Ping pong balls, celluloid, 720. 

“ I’inholcs ” in leatlicr, 449. 

, removal of, in artificial leather, 381. 
Pinonic acid, 245, 

Pinonic aldehyde, 245. 

I’iperine, 240. 

Pipes, coating lead, with pyroxylin, 326. 
—, lining with celluloid, 615. 

Pipe stem hits, amljcr, 091. 

Pistons, celluloid, 698. 

Pi.storiu,s distillation apparatus, 181. 
Pitchers, lining, with celluloid, 730. 

Pith, nitration of, 60. 

Plain collodion, 830, 831. 
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Ftaat tiisues, oeQc^rn eectians of, S09. 

—, infiltration of, 810. 

Pieties, casein, 763. 

Plastic (pyroxylin), formation of, 606. 
Plastics, stability of, 120. 

Plastol, 299. 5 

Plate^.j^tinE_Jth sensitive emulsion, 
858. 

Platinum toning, 872. 

Playing cards, celluloid, 732. 
Plcus-Obermuller stability test, 977. 

Plum, ])ectocellulose in, 4. 

Plumes, 525. 

Plush, brocaded, producing, 393. 

Pluton brown, 548. 

Poaching, 124. 

PoiscuiUe’s law, 814. 

Poker chips, mfr. of, 679. 

PolartBCopc, determination camphor 
with, 768. 

—, oxandnation of celluioae nitrate by. 
44. 

Polariacopes, lacquering, 329. 
Polarijiat.ion, •5.')0. 

Polishing celluloid sheets, 670, 676. 
Polishing, leather producing, 4tU. 
Polishing machine, tor oolluiold, auto¬ 
matic, 678. 

“ Polka dot,” printing with eolluloid, 

74!. 

Pol,yehloramidins, 2o0, 2.').5. 
Polycliloranilinos, 255. 

Polysaccharides, analysis of, 2. 

Ponceau 411, p2. 

Ponceau PR, 732. 

Ponolith, 332. 

duPoiit 1909 Military powder, 951,9.52, 
963. 

duPont powders, 051. 
duPont No. 1 iiow<U'r, 9.52. 
duPont No. 1 Rifle Smokeless iiowder, 
054. 

duPont Rifle Smokeless No. 1 i)owder, 
9.51. 

duPont Smokeless iwwder, 952, 955. 
Pontianac. 415. 

Poplins. 423. 

Positives (direct), on glass, ,S73. 
i’ositivc, reducing of, 872. 

Potassium acetate, 265, .598, 993. 
Poiassium aluininale, 1083. 

Potassium Imtyrate, 598, 

Potassium campliorate, 598. 

Potassium cyanide, 260. 

—, as dengturant, 1129. 

Potassium formate, 246. 

Potassium iodide stareh paijer, prepara¬ 
tion of, 970. 

Potassium lactate, 598, ,599. 

Potassium lactophospliate, 599. 
Potassium permanganate, 1092. 

—, stabilizer, 510. 

Potassium propionate, 598. 


ISif 


Potassium salicylate, 418;, 

Potassium sucemate, 599. 

Potassium sulphate, 479. 

Potassium sulphide, 746. 

Potassium sulphocyanide, 746. 

Potassium tartrate, 9Ul, 936. 

Potas,sium valerate, 598. 

Potassium xanthatc, 1059. 

Potassium zincate, as cellulose coagulant, 
514. 

Potentitc, 061. 

I'oudre B, 900, 962. 

I’outirc, H, AM}, 962. 

—, AM„ 962. 

I’oudre UN, 900, 962. 

I’oudre J, 962. 

I’oiulrc cellul/nqiic, 962. 

I’oudre pyriffi.i/fdc, 962. 

I’oudre lofrojulee A’n. 0, 1, 2, 3, 962. 
I’oudre Vieille, 962. 

Powfler liand cidting machine, il43. 
Pow(iers, cellul(),se nilrate for, 116. 
I’nwder cutier, 921. 

I’owdcr cutting maeliinc, 781. 

I’nwder, drying, 923, 943. 

Powder grain, fornmtinn of, 940. 
Powder grains, hardening. 

Powder [ircss, 915. 

I Powder, smoke from, 898, 

—^ smokeless, are stnokeli'ss powder. 
Powders, smokeless, 899. 

I’owder strips, 921. 

Powd(!V stripeultingmaehine, 943. 
Powders, staliilizor, diphcnylamine, 121 
—, varying bulk of. 912. 

Praii'ie turpentine, 272. 

” Precious ” coral, 6it0. 

Pres do Vaux silk, 460. 

Preservatives for collodion, 829. 
Primrose dyesiud, 329.^ 

I’rinting blocks, C(41uloid. 747. 

Printing inks, celluloid, 741. 

Printing on celluloid in cnlnrs, 741, 
I’rinting on paper, cellulose acetate foi 
997. 

I’rinling-out. silver eniul.sion, 833. 

Print, p^Toxylin, colored, 781. 
Printing, with visen-se, 1108. 

Process work, collodion in, 887. 
I’ropion, 151. 

Propionic acid, ]tl7. 

—, prixlnction of, 231. 

PrnpioTiyl chloride, 187. 

Proprietary coJlodlons, 823. 

I ’ropylacetnuilidc, 252. 

Propyl acetate, 302. 

Propyl acetates, 231. 

Propyl alcohol, 125, 150. 
n-Propyl alcohol, 182. 

Propyl alcohol, properties, 183. 
)«)-Propylh('nzene, 1004. 

Propyl iK-nzoatc, 147, 155. 

Propylbutyl ketone, 151. 
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Propyl butyrate, 147. 

Propyl carbanilate, 259. 

Proypl formate, 147. 

Propylhoxyl ketone, 151. 

Propylpentyl ketone, 151. 

I'ropyl phtlialatc, 256. 

Propyl Balicylatc, 155. 

Propyl sucemate, 256. 

Propyl valerate, 118. 

Protective cotton, 67. 

I’l'une e.sKenec, 227. 

Prussian blue, 809. 

Ptyalin, 720. 

—, collodion with, 814. 

PueriiiK, 427. 

Puleponc, 148, 256, 1011. 

Pulp, wood used for, 18. 

I’ulping cellulose nitrate, 121. 

Pulping pyroxylin, 585. 

Pulpcr, Currier, 121. 

Pulverloid, 751. 

Pulveroid, 7.50. 

Purses, celluloid inlaid, 698. 

I’yialin, 38, 580, 748. 

—, denaturant for, 1128. 

Pyrantin, 38, 751. 

Pyrasolonc derivatives, 258. 

Pyridine, 994, 1037. 

Pyridine bases, constants of, 1117. 

—, tests for, 1116. 

Pyridine, chloride, 193,10ti3. 

Pyridine, denaturant, 1114. 

Pyridine picrate, 181. 

Pyridine sulphate, 1007. 

Pyrobronzine, 313. 

Pyrocollodion, 37. 

—, per eent nitrogen in, 37. 
Pyrocollotlion powder, tiifr. in U. b., 902. 
PyrMollodion, preparation of, 97. 
Pyrogallol. 758, 1014. 

Pyronitroccllulo,sc powder, 781. 
Pyropliosphoric acid, 993, 1032. 
PyrosotnidWy tunicin in, _1. 

Pyroxylene, see pyroxylin. 

Pyroxylin spirit, 38, l82. 

Pyroxylin, see also eellulose nitrate. 

—, 38! 

—, applying to leather, 449. 

I>yroxyl!n capsules, 323. 

—, cheap grade of, nitration, 114. 

—, combining with camphor, .581. 
Pyroxylin-copal lacquers, 352. 
lYroxylin, dehydrating, Edson’s niethod 


600. 

—, —, France’s metlnxl, 602. 

Pyroxylin 61ms, coating, 858. 

Pyroxylin lalxils, 747. • 

I^oxylin lacqtiers, sec also lacquers, 
pyroxylin, 316. 

—, acidity in, 324. 

—, alkalinity in, 324. 

-,gPPly>n8,31?-, 

, —, cheapening, 317, 333. 


Pyroxylin lacquers, clarification, 317. 

—, colored, 328. i- i * uoo 

—, decomposition of, by liglit, 329. 

—, formula for, 318. 

—, glazing carbon paper with, 32§. 

—, hardness of, 324. 

—, iridescence in, 317. 

—, printing with, 325. 

—, strength of, 316. 

—, testing, 324, 358. 

—, thinner, formula for, 318. 

—, uses, 324. 

—, water added to, 318. 

—, water white, 317. 

Pyroxylin, mounting on mandrel, 633 
Pyroxylin, nitrogen (low) content in 
115. . . 

I’yroxylin pajior impregnation, 321. 
Pyroxylin, pharmacopoeal, manufactur 
of, 821, 822. , 

Pyroxylin plastics, see celluloid, pyra 

. . . . ■ 1 • i. , 

tH,w.T.'vlin nlastics. alcohol in. object oi 


OVJi . 

Pyroxylin plastic, analysis of, 765. 
PWoxylin plastics, commercial name 
of, 751. 

—, denitration, 625. 

Pyroxylin plastic giwds. 582. 

Pyroxylin plastics, in England, 569, 

—, in Kurope, 573. 

—, in Italy, 579. 
in Japun, 579. 

—, in United States, 572, 574. 

—, iniroelucing coloring matter in, 58,5 
Pyroxylin plastic, manufacture, by it 
tense cold, 624, 

-, — of, 682, 622, 623. . 

—, —, Benjamin method, 624. 

— —^ Hyatt’s process, 630. 

——, Magnus method, 623. 

—, —, Miller method, 614. 

, Morane method, 623. 

—, mastication of, 608. 

Pyroxylin plastic moldings, 731. 
Pyroxylin plastic objects, molding, 66 
Pyroxylin plastics, preparing camph 


for, ,586. . , ^ 

Pyroxylin plastic process, Hyatt s, 5t 
I’yroxylin plastics, properties of. 71 
—, raw, 582. 

—, rods, formation, 630. 

—, seasoning, time required for, 611 
Pyroxylin plastic sheets, 668. 
I’yroxylin plastic slabs, molding, 670. 
I'yroxylin plastic, softening, 619. 
l*yroxylin plastics, solvent recovery 
605. 

—, stabilizers in, 595. 

—, lulxis, formation, 030. 

—, uninflammable, 624. 

—, warpage of, 611. 

—, waste, utilizing, 617. 
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Pyroxylin plastics, wet process of form¬ 
ing, 583. 

Pyroxylin pulp dehydration of, 699. 
P^xylin-resin lacquers, 345. 

Pyroxylin slieets, continuous, 852. 

—, producing, 852. 

P^oxylin-shellac lacquers, 345. 

Pyroxylin solvent, 781. 

Pyroxylin tubes, 322. 

Pyroxylin veneers, 673. 

Pyroxyline, 38. 

Pyroxylinum, 114. 

—, solubility of, 115. 

Pj^ol dyes, 1111. 

“ Quantitative tests ” for stability, 969. 
Quercitrin, 331. 

QuUls, celluloid, 737. 

Quinine, 461. 

Quinine valerates, 17.'>. 

Quinol, 517. 

Quinoline, 207, 878, 1037. 

Quinoline blue, 207. 

Quinoline chloride, 103. 

Quinoline sulphate, 1007. 

Quinoline yellow, 547. 

Quinone 517, 1085. 

Quinone A, 840. 

Radium emanations, protecting from, 417. 

Rathnose, 2. 

nitrate, 58. _ 

Rain coats, preparation of, 410 
llainic, 402. 

—, nitrated, 578. 

—, nitration of, .50, 78. 

Randoo, 313. 

Raspljcrry essence, 227. 

Raw lilm, 866. * j line 

Razor strops, visooBO, coated, 1106. 
Receptacles, celluloid, 727. 

Rerl ammonite nmrble, mutation, 602. 
Red coral, 6!I0. 

Redenaturatioii of alcohol, 11.17. 
Redeveloping slides, 871. , 

Redeveloping solutions, preserving, 
Redpath method acid calculation, 138. 
Red .‘itar powilcr, 062. 

ItedwiKxi viscosimeter, 63. 
Refractometer, determination camphor 
with, 768. ... ,, , 

Removal of foreign laxlies, in cellulose 

nitrate, 123. 

Rcndite, il40. , 

Rennet, collodion with, 814. 

Repauno gelatin, !)10. 

Replicas, priKliicing on leather, 30.1. 
Resin, determination of, 359. 

Resinit, 335, 758, 750, 760. 

Resin lacquers, 334. 

Rcsinolinos, 363, 414. 

Resins, 305. 

Resins, solubility of, m carbon tetra¬ 
chloride, 170. 


Resormn, 758,1014. 

Resorcin brown, 451. 

Resoicinol, 764. 

Resorcinol diaoetate, 1022. 

Roworlung powder, 938. 

Rbeonine, 451. 

Rheumatism, collodion for, 825. 

Rhigoline, flash point of, 1144. 
Rhinestones, mounting in cellule, 
llhodamine, 330, 690, 879. . 

Rhodamine BS, 548. 

Ehodambe 6G, 548. 

Rhoduline heliotrope, 330, 343. 

Rhodulino red, 451. 

Rhoduline yellow 6B, 548. 

Ribbe accumulator, manufacture of, 
574. 

Ricinoleates, 253. 

Rifle powders, 051, 960. 

Rifieitc powder, 001, 960. 

Rings, celluloid, 647, 662. 

Rings, celluloid, imitation ivory, 685. 
Rocceline, 548. 

Rock turpentine, 272. 

Rods, imitation ivory, 684. 

—, plastic, formation, 630. 

Rosaline, 121, 461, 007. 

Uosazeine, 330. 

Resc bengal, 832. 

Rose metal, 257. 

Rose pearl, 750. 

Rontgen photography, collodion nuns 
for, 833. 

Rose s tulie. 210, 

Rosin, 2.52, 314, 336, 389. 

Rublier collars, 71)6. 

Rublicr, purification of, denaturant m, 
1129, 

Rubber substitutes, 406. 

• floating, 406. 

Ituby powder, 9.59. 

Russia leather oil, 398. 

Russian pyrocollodion powder, 901. 
Russian red, 451. 

Russian turpentine, 272. 

Rye straw, nitration of, 60.- 


8. Powder, 963. 

Saccharose, 503. 

Saccharose octa-acctate, 2,56. 

Saccharose hcpta-acctate, 2.56. 
Saccharo^ monoacetate, 2,56. 

Saccharose tetra-acetate, 256. 

Safety powder, 956. 

Saffranine, 330, 4.51, 801, 1024, 1025. 
Saffranine BOOO, M8. 

Saffranine GOOD, 548. 

Saffranine S, 1.50, 549. 

^saffron, 824. 

Safrol, 153, 236, 398, 399. 

Sulacetol, 258. 

Salicylate of methyl, see methyl salicy¬ 
late. 
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Salicylated collodion, 820. 

Salicylic acid, 248, 327, 682, 764, 820, 
1066. 

SaJigenin, 758, 1014. 

Salipyrin, 258. 

Salirctin, 758. 

Salol, 147, 258. 

Salpida, tunicin in, 1, 

Salviul, 149. 

Samsonite, 940. 

Sandalwo^xl, 320. 

Samlarac, m, 334, 341,1028. 

Sandpapt^r, pnKhicing, 404. 

Santonino, (ieiiaturaiits in mfr. of, 1111. 
Saponin, effect of collodion on, S14. 
Sardonyx, imitating, 604. 

Satino monx«o, 416. 

Sattenole, 416. 

Sawdust, nitrated, 50. 

Suxonite, 061. 

Sayboldt viscosimeter, 63. ^ 

Scaks, mixing, 135. 

Scarlet K, 451. 

Schallibaum’s culkxliou section methoil, 
808. 

Sclieibler rcgulat(»r, 070. 

Scliiff’s aklehydic group reagent, 33. 
SchifT’s Toageiit , 545. 

Scliopper tenting machine, 1035. 
Schuetzen Uifle powder, 07)4. 

Schueizen Sniokeloss powder, 051,052. 
Schultzc powder, heat test for, OSt). 
Sclvwab powder, 001. 

Scouring c<»tton, 80. 

—, caustic soda, 81. 

Screens, colorwl, celluloul, 732. 

Serwm negatives, collcKlion for, 8.S7. 

Sea, (loj)th, determining, 323. 

Sea Island cotton, ^'ce cotton, Sea Isluiul. 
" Seal All ” collotiion, 823. 

“ Seal Skin ” collcMlion, 824. 

Seasoning leather, 433. 

Seaweeds, mounting of, 328. 

Scl«icic esters, 253. 

Sebacic ethers, 417. 

Sebacylic ether, .sec ethyl sebacatc. 

Sectile mosaic, imitating, 696. 

Seed lac, 331. 

Seiden blaii R, 732. 

St*maphore, celluloid mirror for, 718. 
Semioxamozone, 149. 

Sensitive cottx)n, 37. 

Stuisitizer A, 878. 

Sensitizers in photography, 832. 
Sensitizer, organic, 830. 

Sensitizing, continuotis films, 865. 

Serial sections by celloidin method, 800. 
Soricosc, 325, 741, 1022. 
d-Serine, 106. , 

Serpentine limestone, imitating, 692. 
Serpent skins coating, 453. 

Senim albumen, 268. 

SeloCyafiine, 547. 


Seto dyestuffs, 645, 648. 

Setoglaucine, 547. 

Sharpshooter powder, 951, 952, 963. 

“ Sheen ” effects, producing, 396. 

Sheets, celluloid, drying, 670. 

—, —, finishes on, 672. 

—, —, polishing, 670. 

—, pyroxylin plastic, 608. 

Shell, imitation, 689. 

Shellac, 303, 334, 335, 338. 

—, adulterants, 335. 

", extracting wax from, 336. 

- , imitation, 340. 

Sliollac lacquers, 336, 337. 

Shellac, purification, Field’s method, 336. 

—, (Ireiger’s method, 336. 

Shellac removers, 264. 

Shellac, solvent, with camphor, 146. 

—, tuugheniug, 339. 

Shellac varnishes, denatiiraiil in, 1127. 

“ Shimmer ” effects, producing, 396. 
Shimose, 967. 

Ship IxdtomH, colluloitl covering for, 609. 
■■ lac(|uers for, 327. 

Shirt boscmis, celluloid, 706. 

Shoe polish, (ienaturants in mfr. of, IHb 
Shoe polishes, turpentine ii», 273. 
Shotgun powders, 942, 951. 

Sliotgun Rilieitfi powder, 963. 

Shot, matuifuci lire of, 456. 

Signaloid, 343. 

Signals, stainwl celluloid slunds for, 675. 
Sifnis, waterproof, eelluloid, 673. 

Silicate viscose, 1093. 

Silica in cellulose, 5. 

Silicic esters, aw methyl, etc., silicate. 
Silicic ethers, 491, 626. 
suicides, 090. 

Silk, action of nitric acid on, 60. 

artificial, 454. 

Silk a.sclppias 17. 

Silk, differentiation of, frinn artificial, 
550. 

Silk fibroin, 485. 

“ Silk finish,” prfxlucing, 416. 

Silk, lustering of, 527. 

—, natural, 456. 

nitroccllulowi, 450. 

Silk noils, utilizing, 455. 

Silk, production of, 563. 

Silkoid, 4.50. 

Silkoso, 459. 

Silk, rendering more hygienic, 325. 

—, comlxid, 478. 

—, vegetable, 17. 

Silk waste, utilizing, 455. 

Silkworms, 469. 

Silk blue dye, 732. 

Silver bath, preparing, 8t?8. 

Silver bromide paper, preparing, 837. 
Silver caoutchouc silk, 458. 

Silver chromate, 323. 

Silver, depositing on celluloid, 719, 
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Silver emulsion, see collodion emulsion. 
Silver eoside, 834. 

Silverine, 308. 

Silver leaf, imitation, 312. 

Silver, oxidizing, 719. 

Silver paint, 698. 

Silver paper, 429. 

—, producing, 419. 

Silver phosphate emulsion, 885. 

Silver salts m photography, 830. 

Silver sulphide, 311. 

Silver threads, 454. 

Sinapic collodion, 823. 

Sisal, cellulose nitrato..s from, 60. 

Sizing, viscose for, 1077. 

Skins, classes of, 426. 

—, coating of, 452. 

—, coatiiig with pyroxylin, 429. 

—, preserving, 399. 

Skiver, 437. 

“ SkivingH,” 402. 

Slides, toning, S72. 

—, varnishing, 873. 

—, wet collodion, 869. 

Small anns powder, formation of, 916. 
Smaragdin, 1035. 

Smokeless powders, 899. 

Smokeless SS Spt)iiing powilor, 960. 
Smokeless powilor, ncetoni^ in, 902. 

—, hallisticjs of, 1)18. 

—, blending, 925. 

—, burning, improvement in regulaj'itv 
of, 943. 

- ”, cannon, mfr, of, 913. 

—, cannon, transporting, 1M3. 

—, cla-ssihcation, 901. 

—, colloiding mixer, 913. 

—, cott-on n'ljuinid for 1 lb., 938. 

—, cutter for grains, 920. 

—, decomposition, optical indicator of, 
969.^ 

—, definition of, 1143. 

Smokeless dianumd powder, 960. 
Smokidess powder, drying, 92:j. 

—, early mfr. in 11. S., 75: 

—, erosion by, 902. 

—, etluT-alcohol solubility, 902. 

—, flanieless, 901. 

—, Gentiou and Waddell, 957, 

—, glazing, 925. 

—, grain formation, 915, 910. 

—, graphite in, 1K)7. 

—, kneading mixer, 913. 

—, magnesia in, 958. 

—, mfr. ill U. S., 902. 

—, mfr., Vender process, 958. 

—, mixing machine for, 908. 

—, moisture, Hensitivcnes.s to, 952. 

—, nitrogen in, 902. 

—, number of factories making, in U. S., 
75. 

—, perforations in, object of, 918. 

—, du Pont, classification, 951. 


Smokeless powder, residue, effect on 
guns, 951. 
rcwtirking, 938. 

—, small arms, transporting, 1143. 

—, smoke proauced from, 969. 

—, solvent expulsion, 924. 

—, solvent recovery, 922. 

—, sporting, mfr. of, 944. 

—, stabilizer for, 907. 

Smokeless rifle powders, 941. 
Smootching, 395. 

Smyrna cotton, sec cotton, Smyrna. 
Snakes, tunicin in, 1. 

Snow, artificial, producing, 419. 

Soap, transparent, donaturant in, 1128. 
Soda viscost*, 1077, 1100. 

Sodium acetate, 265, 598, 993. 

— , from amyl acetate manufacture, 223. 
SiKlium acid sulphite, as bleach, 1090. 
—, visco.se coagulant, 1064. 

Sodium alcoholate, 240. 

So(liun\ aluminate, 1083. 

Sodium amalgam, 1062. 

Sodium amylalc, 71. 

Sixlium iKinzoate, 240, 398, 598, 806. 
Sodium bicarbonate, 629. 

- in iwwders, 901. 

Sodium bisiilpliate. 1066. 

Sodium busulphite, 479, 1103. 

- as denitrifier, 487. 

SiKliiim butyrate, 508. 

StKlium enmphorate, 598. 

Sodium carbonate, 86. 

—, purity of, 42. 

Sodium cinnanuite, 240. 

Sodium ethylate, 1036. 

—. for cellulo.se eslijuation, 71, 

Sodium fluoride, 262. 

SiHlium fomiatc, 246. 

Scxlium hypophoKphiti', 598. 

Sodnun lac.tate, 598. 

Sorlium iactophosphate, 599. 

Sfxlium inetantimonate, 307. 

SiKlhim metavanadato, 307. 

Soilium methylate, 71. 

Sodium molylKlatc, 307. 

SiKlium monobromfluorr^scin, 832. 
SiKlium naphtholate, 240. 

Sixlium/?-naphihol.ato, 418, 806. 
Sodium oxyjiyruvatc, 71. 

Sixlium ?rt-oxyto1ra('thyltliaTnidotri- 
phenylcarhidrid disulphonate, 1129. 
SiKlium paratungsiate, 307, 338. 
Sodium perUirate, bleaching by, 585. 
SfKlium jx’.roxidc, bleaching by, 585. 
Sodium phcnolate, 240. 

Sodium phcnolosulphonat-e, 990, 1047 
1048. 

Sixlium phosphate, 397, 623, 674, 1063, 
S<Kliiim potassium tartrate, as stabilizer, 
510. 

Sodium propionate, 598. 

Sodium ricinoleate, 861, 
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Sodium salicylate, 398, 418, 598, 806. 
Sodium sebate, 1035. 

Sodium silicate, 397, 596, 623, 674. 
Sodium staniiite, for cellulose estima¬ 
tion, 71. 

Sodium stearate, 240, 796. 

Soflium succinate, 599. 

Sodium sulphite, 267. 

Sodium sulphocarbolate, 3S8, 418. 
Sodium sulphoricinate, 990. 

Sodium thiosulphate as donitrifier, 487. 
Sodium p-toluoiiosulphonaie, 211. 
Sodium tunRslate, 397, 674, S43. 
Sodium valerate, 598. 

Sodium vanadate, 1064. 

Sodium zincate as cellulose coagulant, 
514. 

Soio dc Paris, 501. 

Solaniiie, effect of collodion on, 814. 

Sole leather, artificial, 401. 

—, tanning, 428. 

—, viscose artificial, 1106. 

Solcnhofen lithograplvic stone, imitating, 
745. 

Solenite, 927. 

Solid blue, 451. 

Solid brown, 451. 

Solid fil)er, 749. 

Solid green, 451. 

Solid spirit, 1035. 

Solidified alcohol, 1035. 

Solidified si)irit, 1035. 

Soluble J)lue, 547. 

“Soluble cellulose" method of pro¬ 
ducing, 76. 

Soluble cotton, we pyroxylin. 

—, for gelatin mfr., 950. 

Soluble guncotton, sec jiyroxyliii. 

Soluble nitrocellulow, we pyroxylin. 

—.determination in celluiose nitrate, 
972. 

“ Soluble " starch, 1007. 

Solubility determinations (of cellulo.st' 
nitrate), value of, 62. 

Solubility of cellulose nitrates, deter¬ 
mination of, 62. 

Solvent turpentine, 272. 

Solvents and non-solvents, 1^4. 
Solvents, elimination of, inplaKties, 611. 
—, “ eventual,” 840. 

—, expansion, pyroxylin arts by, 144. 
~, “ final," 846. 

—, “ hydrous," 846. 

—, inflammability of, docn^asing, 154. 
—, of cellulose formate, 1005. 

—, recovered, rectifying, 922. 

—, recovery of, 387, 492, 605, 922. 

—, recovery of, De Grousillier’s method, 
387. 

—, recovery of, Gray’s process, .387. 

—, recovery, Kitsee method, 619. 

—, rective^ of, Liebrecht method, 387. 
—, rendering anhydrous, 145. 


Solvents, value of, 144. 

Solve, 264. 

Solvol, 156. 

Sound-record, duplicate, pyroxylin. 733. 
Sounding machine, Thompaoms, 323. 
Sounding tubtis, coating, 323. 

Spanish leather, 396. 

S|)ecific gravity, artificial filaments, 556. 
S}>eclTography, collodion in, 884. 
Spectroscopes, lacquering, 329. 
Spectroscopy, collodion in, HS4. 

Spent acid, determination of, 70. 
Spermaceti, 262. 

Spider hairs, 521. 

Spinneret tulx‘s, manufacture of, 470. 
Spinning artificial filaments, 526. 
Spinning hydrous pyroxylin, 536. 
Sponges, nuninting of, 328. 
Spongiolignine, 362. 

Spoons, celluloid inlaid, 60S. 

Sporting powders, 941, 944. 

Springs, celluloid covered, 051, 

Sprinkler tops, lacquering, 331. 

Spun cliapjK}, 478. 

Spun glass, 454. 

Stabilite, 798. * 

Stability of cellulose nitrates, 50. 
Stability tests, 968, 

Stabilization, 119. 

Stabilizers, conditions for HaUsfiU'.U}rv, 
596. 

—, for cuprammoiiiuni, 510. 

in pyr(>xylin plastics, 595. 
Slalagmitie alaliaster. imitating, 693. 
Stiuinite..'^ as denitrUiers, 491. 

Stannous chloride, 152,625. 

Stannous salts as dciUtrifiervS, 488. 
Starch, 2, 260, 500. 

Starch acetate, 1007. 

—, properties of, 1009, • 

, treating textiles with, 1010. 

Starch, acetylation of, 1(H)S. 

—, action of dilute nitric aci<l on, 57, 
action nitric acid on, 21. 
dicliloractdic esters of, 1008. 

Starch formate, 1007. 

Starch hoxanitrate, .58. 

Starch, hydrolysis of, 2. 

Starch iislide,paper, preparation, 970, 
Starch nitrate, 54. 

Starch, nitrated, .571. 

Starch nitrate.^, nitrogen and viscosity 
of, from different origins, 55. 

—, Rtahilizors for, 56. 
stabilizing, 55. 

Starch, simplcHl mol. wt, of, 25. 

Starch tetralKmzoalc, 2. 

Starch triacet.ylmonoiKmzoate, 2, 

Starch xanthate, 1111. 

—, solvent for dyes, 1111. 

Stars, mfr. from celluloid, 689. 

Stays, celluloid for, 727. 

Sicapsin, collodion with, 814. 
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Stearic acid, 734. 

—, chlorinated, 253. 

Stratite, 629. 

Stearone, 151. 

Stearoptena, 235. 

Stenciled work, lacquerini!, 321. 
Stereographs, glaring with pyroxylin, 
326. 

Stereoscopic tronsparoncics, S70. 
Stereotype paper, preparation of, 322. 
Stevens' Law, 169. 

Sthenosage, 538. 

Sthenose silk, 538. 

—. dyeing, 539. 

Sticking plaster, 144, 749. 

StiU, spirit rectifying, 222. 

Stine amyl acetate lamp, 228. 

Stocker’s unburnablc collodion, 62"). 
Stocking-darners, enameling, 347. 

Stop cocks, celluloid, 698. 

Storage cells, celluloid, 698. 

Storax, 251, 334. 

Storing alkali-cellulose, 1077. 

Storing viscose, 1077, 

Stowitc, 949. 

StratihM effect, producing in celluloid, 
638. 

Strawberry essence, 227. 

Straw hats, dyeing, 649. 

Streaked effects, producing in celluloid, 
638. 

Stroubel’s vcgctalin, 701. 

Stripping collodion, 877. 

Stripping coiloilion negatives, 815. 
Stripping 6!ms, Lotos, 845. 

—, Roy’s method, 845. 

Strips (wood or metal), celluloid coated, 
652. 

Strontium bromide, 625. 

Strontium butyrate, 599. 

Strontium caprylate, 321. 

Strontium chloride, 625, 837. 

Strontium iodiile, 625. 

Strontium lactate, 318, .598. 

Strychnine denaturants in mfr. of, 14 11. 
Strychnine valerates. 175. 

Studs, celluloid, producing, 61)2. 

Stuffing Ijo.xcs, celluloid, 098. 

Styrol, 399. 

Sturtevant blower, 80. 

Styptic collodion, 82t). 

Styracin, sec cinnamyl cinnamatc. 
Styracin, 399._ 

Suomarinc mines, 960. 

Subrit, 699. 

Substitutes, India-rubber, 411. 

Succinic acid, 691, 

Sudan brown dye, 689. 

Sudan dyestuffs, 329. 

Sudan (1, 329, 689. 

Sudan OG, 329, 689. • 

Sudan 4G, 329. 

Sudan R, 329. 


Sudan KH, 329. 

Sudan 5R, 329. 

Sudan red dye, 089. 

■ Sugars, 2. 

Sulfamidoethyl esters, 256. 

Sulfoljengid, 259. 

Sultocarbanilid, 259. 

Sulfonal, 259. 

Sulphides, as viscose coagulant, )()66. 

" Sulphide ” colors, 11. 

Sulphides as denitrifiers, 491. 

Sulphide dyestuffs, 545. 

Suliihite as viscose coagulant, 1 OtiO. 
Sulphocarbonates as denitrifier, 489. 
Sulphonaled oils, 1034. 

Sulphonmethane, denaturant in mfr. of, 
1129, 1141. 

Sulphoricinic acid, 990. 
Sulphoricinoleate.s, 253. 

Sulphoui'cas, 411. 

Sulphovinic acid, 230. 

Sulphur, 264. 

Sulphur black, 371. 

Sulphur chloride. 261, 369, 473. 

Sulphur, determination, Make and fjcwis 
method, 117. 

Sulphur dyes, 373. 

Sulphuraled oil, 367, 400. 

Sulphuric aeid-celluloso esters, 49. 
Sulphuric acid, dehydrating, 137. 
Sul|)huric anhydride, 135. 

Suliihurizod linseed oil, 264. 

StiljihurouB acid, 484. 

—, as denitrifier, 487. 

Suli)hydrates as viscose coagulant, 1066. 
Sumatra cam[ihor, 236. 

Sun gelignite, 948. 

Sunoco spirits, 272. 

.Supreme paint remover, 264. 

Surat cotton, sec cotton surat. 

Surgery, (lyroxylin in, 721. 

Surgical ligatures, denaturants hi mfr. 
of, 1141. 

Surgical plasters, 414. 

Surrogate, 406. 

Synthetic fu.sel oil, 1,8!). 

Syringa, odor of, 185. 

Syringes, celluloid, 729. 

Swalite, 949. 

Swiss blasting gelatin, 916. 

1’. powiler, 963. 

Tagliahue flash tester, 770. 

Takadiastase, collodion with, 814. 
'rakitoff paint remover, 264. 

Tallow, 260. 

Tamadine, 520. 718. 

3’anacctyl liydriile, 149. 

Taiinette, 367, 398. 

'Tannic acid, deHaturaiil.» in mfr. of, 
1141. 

Tannin, 1085. 

Tannin heliotrope, 548. 
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Tannin on cotton, 9. 

Tannin orange paste, 549. 

Tanning, 427. 

—, steps in, 426. 

Tanolin, 444. 

Taplo, 362. 

Tartraainp, 887. 

Tartar emetic, 9. 

Tartaric acid, 53, 260, 485, 885. 

Tawed leather, 428. 

Taxite paint remover, 264. 

Teasing the cotton, 79. 

Temperature of combustion (in powder), 
reducing, 936, 937. 

Tenting, viscose coated, 1106. 

Teraconic acid, 878. 

Ter-biifyl carbinol, 186. 

Terpineol butyrate, 240. 

Terpincol propionate, 210. 

Terpinonc, 236. 

Terpinyl acetate, 245, 247. 

Tcrrakintine, 272. 

Testing, bronzing liipudH, 315. 

—, celluloid hvcqucrs, 333. . 

—, lacquers, 324. 

—, pyroxylin lacquers, 324. 
tetrabromdiphenylamino. 977. 
Tetra-acetyldigliict)sc, 250. 
l'etral)enzoatc of starch, 2. 
Totracetyllactose, 256. 
i;-Tctrachlorbenzene, 250. 
v-Tetrachlordiamidobenzene, 250. 
Tclrachlorethaiies, 171, 267. 
Tetrachlomuphthol phosphate, 254. 
Tetrachlorphenol phosphate, 2.54. 
Tetraethyl monosiUcate, 626. 
TetrahyJrol^cnzylkctone, 253. 
Tetranitrocellulosc, 27. 

—, formula of, 26. 

—, percent nitrogen in, 26. 
Tetranitrodiglyccrol, 947, 949. 
Tetronitrodinaphthyl phosphate, 2.'i4. 
Tetranitromcthanc, 171. 
Tetranitronaphthalin, 154. 
Tetranitroatarch, 56. 

Tetraphcnyl urea, 255, 596, 597. 

Tetrazo brilliant blue 1213, 1128. 
Tcxtidcrm, 370. 

Texol. 262. 

Tex-Ta-Dor-No, 41th 
—.impregnating with nitrocelhilos**, 
781. 

—, printing on, with celluloid, 741. 
Textiloid, 362, 414, 485. 

“ The ” Hyatt, 579. 

Theater hats, .'525. 

Thennodin, 259. 

'rhermoineter mfr., denaturant in, 1127. 
Thermoplastic, casein, 764. 

Thiazol yellow, 887. 

inner, for pyroxylin lacquers, 310. 
iocarhonates, 1058. 

•Thioflavine S, 548. 


Thioflavine T, 548. 

Thiogen dyes, 1111. 

Tliional dyes, 1111. 

Thiosulphate as viscose coagulant, 1066. 
Thio\irea, 56. 

Thomas test, 969. 

Thomson displacement nitration, 96, 
929. 

Thomson displacement proces.s, 87. 
Tiumuin oxychloride, 520. 

Thieail, cellultise iveetate coated, 1029. 
—, —, iinpuding brilliance to, 1034. 
coating. 523. 

coating with bronzes, 1029. 
coating with nitrocellulose, 487. 

—, glossing ))y viscose, 1111. 

—, visco.se coaletl, 1089. 

Thi-ce-coior gratings, preparing, 680. 
Three-color screens, producing, 880. 
Tlmjone, 256. 

Thymol, 149, 153, 258, 871, 1013, 1014. 
Thymo(juinoru*, 258. 

Tin. Itunpiering, 310, 

Tintometer, standardizing lac<]uers by, 
330. 

“ Tin tyix's," prixlucing, 874. • 

Tir(5 cement (pyroxylin) 424. 

Tobwco, dejiaiurant for, 1128. 

Toilet articles, viscoicl, 1097. 

'Fologcn, 260. 

Tolu, 331. 

Tolu Iwilsam, .see balsam tolu. 

Tolu balsam, 305. 

T(»luene, 169, 9S7. 
;)-Toluenesulfamidoacetic acifl, 256. 
;)-Tohi(‘nesulfami(U) elhyl ester, 256.” 
/)“T(»lueiie8uIfanilid, 256. 

• p-ToluenesulfoacHlethyl ester, 256. 
p-Tohienesulfo-auidphenylether, 25<5. 
7>-Toluenesulfo-p-ehloranili<1, 256. 
p-Tohi(Uie8ulfocresol, 2.56. 
/)-Toluenesulfo-<liphenyIamin, 200. 
p-Tolucnesulfoethylanilid. 256. 
p-Tolueuesulfoinetliylanilitl, 256. 
p-ToluencsnUo-o'-naphthol, 256. 
p-T(duenesullo-^-naj)hlhyiamin, 256. 
p-Toluenesulfo-/9-naplUhnl, 256. 
/)-ToluencfeuIfo-/9-naphthylannn, 256. 
p-1 olucncsulfo-o-phenetidin, 256. 
p-Toliienosulfo-p-i>henelidin, 256. 
/>-T(>luenesulfo-phonylhy<lrazin, 256. 
p-Tohienesulfo-o-toliiid, 2.56. 
p-ToluenesulfO"p-t()luid, 256. 
p-Tolu(mcHulphamid. 256. 
7 )*Tolneiiesulj)bodiethylannd, 2.56. 
7}-T<4upnesulphoethylamid, 256. 
n-Tolucnsulph(wn-xylidid, 256. 
Tohiidino, 240, 263, 802. 

Toluidine chloride, 1(K)3. 
n-Toluidme bisulphato, 1023. 

Toluidine oxalate, 56. 
;)-Toluidinesulphamidc, 1016, 1017. 
Toluol, 263. 
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Toluol chlorides, 269. 

Toluol, Sash point of, 1144. 
jp-Toluolsulfo chloride, 524. 
Toluylenediamine, 249,250. 
Toluylenediamine developed blacks, 11. 
Toluylene oranRe R, 549. 

Tolyl acetate, 173. 

Tolylidine diacetic ester, 2.54. 
Tolylphenyldimcthylpyrazolon, 258. 
Tolypryin, 258. 

Tolypyrin salicylate, 258. 

Tolysal, 258. 

Toning slides, 872. 

Tonitc, heat test for, 980. 

Tonite powder, 901. 

Tonite No. 2 powder, 901. 

Tonite No. 3 powder, 901. 

Tonka Ijean, 149. 

Tool handles, celluloid coated, 050. 

—, viscoid, 1097. 

Tooth brushes, celluloid, nifr. of, 710. 
Tooth brush, bri.sttes, producing un- 
emial lengt h of, 710. 

Tophain turbine system, 530. 

Torpedo guncotton, 905. 

Tortoise shell, 089. 

- , imitation, 089. 

—, —, bars of, 0.'i8. 

—, —, d,yeBtulT8 in, .580. 

—, welding, 089. 

Towel lings, enameling, 347. 

Townsend goods, 414. 

Toys, laciptcr for covering, 297. 

—, lacquering, 331, 34t), 

Trace tests, 909. 

Tron.sfer collodion, 844. 

Tran.sfer emulsion, 892. 

Transfer jiicturea on celluloid, 744. 
Translucene, 343. 

Translucent, glass, prislucing, 342. 
Tranapareucie.s, 809. 

—, colloditwihloride emulsion for, 870. 
—, Schnit-zler's met.hod, 873. 
Triui.spareiie, 073. 

Transpiration, celloidin, detecting with, 
796. 

Transpoiuition, articles forbidden for, 
1142. 

Transport-ation of cxplosive.s and in¬ 
flammables, 1142. 

Transporting smokelcas powder, 1143. 
Trays, celluloid for, 727. 

Treacle, 260. 

Triacetonc-mannitol, 244. 
Triacetylcliglucoae, 2.50. 
Triacetylmonlienzoate of starch, 2. 
Triazo yellow, .548. 

Tricbloraectates, 598. 

Trichloracetic acid, 200, 997. 
Trichloranilinc, 1021. 
os-Trichlorlwiizone, 250. 
os-Trichlordiamidobenzcne, 250. 
Trichlorethaues, 171,1014. 


Trichlorethenyiamidine, 255. 
Trichlorethyl citrate, 259. 
Trichloreth^lene, 1014. 
Tricresyldinitrodinaphthyl thiophos- 
phate, 254. 

Trichlomitromethane, 628. 
Trichromatic lantern slides, 879. 
Trlchrome collodion emulsion, 892. 
Tricresyl phosphate, 254. 

Tricresyl thiophospliate, 254. 
Tricyanotriamide, 120. 

Triethyl citrate, 259. 

Triisobutyl citrate, 259. 

Trimcthyl citrate, 259. 
Trimethylethylene, 207. 

Trinaphthyl phosphate, 2.54. 
Triiiaphthyl thiophospliate, 254. 
Trinitroamsol, 940. 

Trinitn)l)cnzene, 149. 
TrinitTObutyltoIuene, 186. 
Trinitrohutylxylenc, 186. 
Trinitroccllulose, 25, 27. 

—, formula of, 26. 

—, per cent nitrogen in, 26. 
Trinitroglycerrti, 843. 
Trinitromcthylphcnol, 940. 
Trinitronaphthalin, 154. 
Trinitrophenol, see picric acid. 
m-Trinitroxylol, 258. 

Trional, 259, 

Trioses, nitric esters of, 58. 
Trioxyacetophenon, 252. 
Tri(jxylx!nzophenon, 252. 
Trioxymethylene, 182, 187, 399, 819. 
Triphenyl phosphate, 254, 1013. 
Triphenyl tliiophosphate, 2.54. 
Tripropyl citrate, 259. 

Trisaccharidc, 58. 
TrLsaligcnosaligenin, 758. 

Tristearin (synthetic), 1035. 
Trilhiocarlmnatcs, 1058, 1059. 
Troisdorf powder, 901, tH)3, 963. 
Trypsin, collodion with, 814. 
Tnlxirclc hacilH, staining, 803. 
Tul)erculosis, cellulose in, 1. 

Tulx-ite, i)27. 

Tul)es, imitation ivory, 684. 

—, collapsihle. pyroxylin, 322. 

—, (collapsible), hicquering, 331. 

—, lining with celluloid. 045. 

—, pla.stic, formation, 630. 

Tubize silk, 400. 

Tung oil, 403. 

Tung oil, sec wood oil. 

Tunmila, tunicin in, 1. 

Tunicin, occurrence, 1. 

Turkey red oil, 308, 372,471,1034. 
Turmeric, see curcuma. 

Turmeric, 329, 331. 

—, colhsiion with, 819. 

Turmeric yellow, 451. 

Turnip, pectocellulose in, 4, 
Turpalin, 272. 
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Turpentine, 613. 

Tuipentine oil eubstitutes, muniifactui'e 
•of;274. 

Turpentine, pet roleum in, 273. 
Turpentine products, distinction be¬ 
tween, 274. 

Turpentine, spirits of, 303. 

—, regenerated, 274. 

Turpentine substitutes, 271. 

—, analysis of, 273. 

Turpteen spirits, 272. 

Turquoise blue BB, 548. 

Turquoise blue G, 548, 

Tussali silk, 551. 

Tyrosine, 193. 

U. S. Army rifle powder, .30-cal., 953. 

U. S. Oidnance, requirements for nitro¬ 
cellulose mfr., 70. 

U. S. Ordnance tests, tltifl. 

U. S. Service powder, oxygen in, 900. 
Vlex Europem, nitration of, 61. 

Umbrella handles, celluloid co.ated. O.'iO. 
—, odluloid, manufacture, 033. 

—, coating, 347. 

—, covering with celluloid, 041. 
Unburnable collodion, Stocker’s, 025. 
Unhairing skins, 427. 

Uninflammable leather, artificial, 397. 
Uninflammable pyroxylin jilasties, 021. 
Universal belt cement. 42t. 

Unique powder, 951, 952, 9.>3. 

Unmn nehimat. 028. 

Unwashed eolliKlion emulsion, 830. 
Uranin, 090, 832. 

Uranium nitrate, 872. 

Uranium tuning, 872. 

Urea, 120, 255, 704. 

Urea acetate, 597. 

Urea, us antacid, .590. 

Urea lienzoate, 5il7. 

Urea butyrate, .597. 

Urea formate, .597. 

Urea naphthoate, 597. 

Urea nitrate, ,590. 

Urea propionate, .597. 

Urea salicylate, 597. 

Urea sulphate, .590, 597. 

Urea valerate, 5!)7. 

irrethancs, 207, 259. , 

Urinary centrifuge in solubility deter¬ 
minations, 03. 

V’aleral, 1.50. 

Valeraldehyde, 207. 

Valerianate, sec valerate. 

Valeric acid, 175, 207. 

Valeric aldehyde, 189. 

Valeric ether, see ethyl valerate. 
Valcrone, see dibutyl ketone. 

1-VMinc, 196. 

Vanadium and oxycoliuloae, 8. 

Vandnra silk, 517. 


Vanillin, 149. 

Vapor pressure, of nitrating acids, 8 
Vamigo paint remover, 264. 

Varnishing, artificial leaBier, 393. 

—, photographic slides, 783. 

Varnish removers, 260, 781. 

Varnish, solubility of raw materials iu, 
170. 

Varnish spirits, 272. 

Vusculose, 3. 

Vaseline, in cordite, 930. 

Vases, celluloid, malring, 633. 

Vat dyestuffs, 1024. 

Vegetable down, 17. 

Vegetable ededron, 17. 

Vegetable ivory, nitration of, 59. 
Vegetaljlc pitli, nitration of, 00. 
Vegetatdo silk, see silk vegetable. 
Vegetable wool, 17. 
t'egetalin, 701. 

Veiling, in photograpbv, prevention of, 
831. 

Vellum cloth, 404. 

Velvet, atliticial, 422. 

—, brocaded, producing 393. 

Volvril, 412. 

Veneer cloth, making, 4‘. . 

Veneciring. with pyroxylin, i,73. 

Venetian reil, 201. 

Venice turiK'iitine, 203, 309, 32), 819. 
Veraeolor plate, 882. 

Verdigris, ii iitatiou of, .345. 

Vermillion, 80t). 

Vesuvin, 330, 451. 

Velillard's reagent. 4.59, 517. 

Vilnii hutijrieus, 190,1''7. 

Victoria blue B, .518. 

Victoria Itreen, 80, 330, 1025. 

Victoria yellow, .547. 

V'ieille powder, !K)0. 

Vieille test, 909. 

Vinegar collodion, see acetic collodion. 
Vinyl trichloride, 171. 

Vioiot 4B, ,548. 

Violet 3R, 548. 

Virgin turpentine, 272. 

Viscellinc yarn, 1089. 

I’iscine, 1056. 

Viscoid aggregates, 1096. 

Viscoid, coloring, 1097. 

—, cornices, 1098. 

Viscoid dolls’ heads, 1098. 

Viscoid, handles, etc., 1097. 

Viscoid, luster, increasing, 1097. 

Viscoid masses, lOttO. 

Viscol, 10,50. 

VLscolith, 1050, 1098. 

Viseoloid, 38, 748. 

Viscose, 1001, 1002, 1004, 1055. 

.action of iodine upon, 1060. 

—, aging, see viscose maturing. 

—, artificial filaments from, 1077. 

—, artificial leather from, 1103. 
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V&otwc, bai&s from, 1099. 

—, bleaching ot, 1090. . , 

filaments breaking strmn ot, oai. 
<i»anging to cellulose, 1060. 

—, clarification of, 1072. 

—, coagijlants for, 1066. 

—, coagulants, list^of, 1063. 

— ouagulation of, 1096. 

—, coagulating, 1078, 1092. 

—, decomposition of, 1076. 
r-, definition of, 10S6. 

—, depoating on textiles, 110^ 
rs-, dissolving sulphur from, 1091. 

—dyeing, 1091. 

—, " enrichment ” of, 1061. 

Viscose filaments, bleaching, 1090. 

—, coagulation of, 1066. 

.—, cost, 1078. 

— Delubac process, 1085. 

—, employed in, 1087. 

—, fixing, 1064. _ _ , 

—, increasing flexibility of, 1004. 

—, preventing sticking of, 

—, production aniline black on, 1004. 

—, properties, 108.5. 

—, reversion of, 1063. 

—, twisting, 1080. 

— uses, 1087. 

— Waddell’s method, 1081. 

Vi»ose films, 1093. 

—, os dialyzing membrane, 109.5. 

—, Chorley process, lOO;*; 

—, continuous, drying, 109.). 

Viscost', filter, Ernst and Hamlin, 1073. 

—, filtering apparatus (Topham), 10(2 

— filtration of, 1072. 

—, fixing, 1062. 

—, fixing on textdes, 1108. 

— for explosives, producing, ltK)8. 

—for films, producing, 1068. 

_ formations, Waddel proce.ss, 1070. 
hollow articles from, 1099. 

— in dry powder, preparmg, lO.ll. 

_I jollification of. 1096. 

maturing, 1061. 

Viscose, mfr.. Stem s process, 1087. 

—, mord.mt of, 1108. 

— original method of mfr., 10,) 0 . 

—’ optical properties, 1077. 

—, latex masses, 1099. 

—, output of, 662. 

—, pamt material, liu.t. 

paint remover, 267. 

—, photographic films from, 109.5. 
Viscose plastics, 1084. 

’ 1071. 

cellulose by, 

’ 1068, , ^ 

— properties, dependent on, 19(7. 

—’ nrooerties of, 1076. 


Viseo66,{titp»M,1077.. 

— pun^tion W acetm acw, 11^ 

— purification by sodium bicarbonate, 
1067. 

—, purification of, 1066. 

—, purifying apparatus for, 1070. 

—, purifying, (or paper suing, 1102. 
—, removal of air from, 1076. 

—, removal of sulphides from, lOlW. 

—, reversion of, 1001. 

—.rubber with, 1099,1108. 

—, “ setting ” of, lOM. 

— setting Bohrtions for, 1078. 

—, sheets of, p^aring, 1092. 

—, shipping, low. 

Viscose silk, 1077. 

Viscose, silk-like luster mth, TO- 
—, sizing light papers with, 1M9,11^ 
—, spirits of turpentine m mfr. of, 1066. 

— - stability of, mcreasing, 1062. 

storing, 1077, 1086. 

— substitute for wood and horn, liU(. 
—’ sulphur dyestuffs for, 1091. 

Viscose threads, properties, 1078. 
Viscose, viscosity of, 1100. 

—, well paper of, 1106. 

—, water in, 1041. 

—, “ xanthizing,” 1062. 

Viscosimeter, 64. 

—, Redwood, 308. 

Viscosity, estimation of, 63. 

Viscosity factor, 88. _ 

Viscosity, of cellulose nitrate, nee cellu¬ 
lose nitrate, viscosity of. 

Viscosity of cellulose nitrate solutions, 
47. 

Vitran, 171,1027. 

Vivier silk, 479. 

Vogel collodio-chlondc process, 8.57. 
Vollenbruch collodion paper proross, 8d ( 
Volterra alabaster, imitatmg, 693. 

Von Forster powder, 904. 

Vulcanite, 749. 

Vulcanized filler, 18, 520. 

Vulcanized oils, 473. 

Vulcanized rubber, 19, 798. 
Vulcanochrome, 444. 


W. A. .30-cal. powder, 9.51, 952, 953. 
Wall coverings, 418. 

Wallets, celluloid sheet, 673. 

Wall papers, produemg in leather, 394. 
—, viscose in, 1106. 

Walsrode powder, 901,963. 

Walston Bilk, 550. 

—, strength of, 1035. _ 

Waltham Abbey, nitration at, 96. 
War blasting gelatin, 948. 

Warbles, 439. _ 

Warps, viscose size for, lliw* 

Wart oollodion, 820. _ 

Washed collodion ©inulsion, mU. 
Wash leather, 428. 
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Wat:;be8, denaturant for, 1129. 

—, denaturant in mfr. of, 1141. 

Woete acid, recovering, 85. 

Water, clarification o/, 87. 

—, filtration of, 100. 

—, in pyroxylin, elimination of, 600,902 
Watered designs, producing, 42il. 

Watej- glass, sec sodium silicate. 
WatorprcM)f signs, celluloid, 67d. 
WatorpriH)fing compositions, 413. 
Waterpr(H)fiiig fabrics, 792. 

—, viscose for, 1084. 

Waterproofing fuses, 326. 

Water, solubility of camphor in, 230. 

“ Weathered effecls " producing, 345. 
Weatherproof celluloid signs, 744. 
Weaving-mill waste, 39. 

W'obb’s mai-te baryta pu}x*r, 893. 

Weber and Cross, 1000. 

Welsbach mantles, 352. 

Wet collodion, 830. 

Wet collodion positives, 873. 

Wet collodion slides, 809. 

Wettercri powder, 901, 903. 

W^etteren Smokeless Military powder, 
963. 

Whalelxilinc, 740. 

WhaleUmo. art ificial, 521. 

Whip handles, celluloid coateii, 056. 
W'hip-stocks, covering with celluloid, 
041. 

W^hiskbroom handles, celluloid coated, 
050. 

Wliistles, celluloid, 604. 

Wliite enamels, 332. 

Wluteheml torpedo, 005. 

WliiU^ mineral jelly, i)31. 

Wiley extractor, 41. 

Will’s results on nitrocellulose stability. 
63. 

Will stability test, 969, 974. 

Will’s testing apparatus, Dolx^rtson 
modification, 975. 

“ Willow plumes ” producing, 410. 

Wiis iodine inetluHl, 335. 

Wilson finish remover, 270. 

Wind breaks (automobile), celluloid, 
672. 

Window transparencies, prcMlucing, S79. 
Wine flavors, scbacatcs in, 148. 

Wine yeast, 177. 

Wire, coating with cellulose acetate, 
1029. 

insulating with copper acetate, 1029. 
—, insulation of, pyroxylin for, 297. 

—, lacquering, 331. 

Wizard Com Cure, 820. 

WoUbrink l)enzine purifier, 205. 

Wood cores, covering with celluloid, 641, 
Wood, covering with celluloid, 640. 

Wood enamels, 346. 

Wood-engraving, photographing for, 
876. • 


Wood fiber, 17. 

—, nitration of, 61. 

W(K)d fillers, pyroxylin in, 351. 

Wood gum tetranitrate, 59. 

WofKl, lacquering, 337. 

Wood naphtha, see methyl alcohol. 

Wood oil, 305, 403. 

—, oxidized, 148. 

Wood, photographing on, 876. 

—, preserving with pyroxylin, 325. 
Wo^ pulp, nitration of, 61. 

—, stability of cellulose nitrates from, 
53. 

—, use in filament formation, 470. 
Wood, reproduction of images on, 886, 
Wood spirit, 182. 

—, flash point of, 1144*. 

—. tailings, 182. 

WcKxI, staining, 346. 

—, venoi^ring with celluloid, 675. 

—, viscose substitute for, 1107. 

—, waterproofing, .571. 

Wool, carlwnizing, 6. 

Wool green S, 548. 

Wool, Ruidering more hygienic, 325. 

“ Wrought black ” lacquers, 344. 

• 

XanthatoB, lOSH, lOM. 

—. (luaiititativc detarmination of, 1112. 
Xanthip acid, 105!). 

Xandiiiie, 451. 

Xaiithogenic acid, 1050. 

Xaiithojiroteic acid, 00. 

.X-rays, prolccting from, 417. 

Xylene, 160. 

Xylidine, 200, S02. 

Xvlidine chloride, 1003. 

Xyliiis, 2,58. 

Xyloidine, 21, 146, 571. 

Xyloidins, 7,50. 

Xyloinitc, .500. 

Xylol, 2f);i. 

Xylon, 13. 

Xylonite, 38, 571. 

Xylonite varnisli, 424. 

Xylonith, 748. 

Xylos<', .58, 750, 

Xylose d'niirate, 58. 

Xylustyptio ether, 820. 

Xylyl acetate, 173. 

Xylylene diamine, 240. 

Yankee paint remover, 264. 

Yam sizes, ineaHureinent of, 542. 

Yams, viscose size for, 1102. 

Yellow ocher, 201. 

Zalol, 430. 

Zapon, 844, 880. 

Zaponing, 301. 

Zapon lacquers, see lacquer, zapon. 
Zapon lacquer, 422. 

Zapons, 301, 400. 
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Zein, 749. 

Ze&t, 1016. 

Zellith, 1016. 

Zinc acetate, 598, 1000. 

Zinc Ixinzoate, 418. 

Zinc bromide, 308, 625. 

Zinc butyrate, 598. 

Zinc carholate, 398. 

Zinc chloracetate, 508. 

Zinc chlorformate, 598. 

Zinc chloride, 308, 521, 625. 
—, action of, on cellulose, 1. 
—, as denaturant, 1140. 

aa stabilizer, 120. 

Zinc chloriodide, H. 

Zinc ethide, 187. 

Zinc iodide, 30S, 521,625. 


Zinc methide, 187. 

Zinc inonochloracetatc, 598. 
Zinc oxychloride, 620. 

Zinc, printing upon, 845. 

Zinc propionate, 508. 

Zinc resinatc, 423. 

Zinc ricinate, 620. 

Zinc ricinolcatc, 620. 

Zinc salicylate, 418. 

Zinc stearate, 263. 

Zinc sulphide, 332. 

Zinc sulphocarl)olates, 308,823. 
Zinc valerate, 508. 

Zinc viscose, 1100. 

Zip paint remover, 264. 
Zoophytes, mounting of, 32S. 
Zylonite, 38, 572. 
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Alexander, J. Colloid Chemistry.lamo, i 00 
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(Reprinting.) 
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-Animal Fats aUd Oils.Svo, fi 00 

-Drying Oils, Boiled Oil, and Solid and Liquid Driers.Svo, *fi 00 

-^^Iron Conosion, Anti-fouling and Anti-corrosive Faints.Svo, fi 00 

-Oil Colors, and Printers’ Ink.Svo, 4 00 

-Treatment of Paper for Special Purposes.lamo, '300 

Andrews, E. S. Reinforced Concrete Construction.lamo, *a oo 

-Theory and Design of Structures.Svo, *3 go 

-Further Problems in the Theory and Design of Structures_Svo, *a go 

-The Strength of Materials..Svo, *4 00 

-Elastic Stresses in Structures.Svo, 9 00 

Andrews, E. S., and Heywood, H. B. The Calculus for Engineers.lamo, *a 00 
Annual Reports on the Ptogess of Chemistry. Fifteen Volumes now 


Argand, H. Imaginary Quantities..ifimo, 0 75 


Armstrong, R., and Ideli, F. E. Chimneys for Furnaces and Steam Boilers. 

Ifimo, 0 75 
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i6mo, 0 7S 
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Audley, J. A. Silica and the Silicates.Svo (/n Press.) 
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Ayrton, H. The Electric Arc.Svo, 5 ;o 

Baff, W. E. Sale of Inventions.lamo, 2 00 
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-Thick.Lens Optics.lamo, a 00 

Baker,’’Benj. Pressure of Earthwork.i6mo, 
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Baker, I. 0 . Levelling.i6mo, 0 75 

Baker, H. N. Potable Water.i6mo, 0 75 

-Sewerage and Sewage Purification.i6mo, 0 75 

Baker, T. T. Telegraphic Transmission of Photographs.lamo, 

(Reprinting.) 

Bale, G. R. Hodem Iron Foundry Practice, ismo. 

Vol. 1 . Foundry Equipment, Hateiials Used. *3 00 

Ball, J. W. Concrete Structures in Railways...8vu, *a 50 

Ball, R. S. Popular Guide to the Heavens.Svo, 7 50 

-'Natural Sources of Power.Svo, a so 

Ban, W. V. Law Affecting Engineers.8vo, *3 50 

Bankson, Lloyd. Slide Valve Diagrams.iSmo, 0 7s 

Barham, G. B. Development of the Incandescent Electric Lamp. .8vo, 2 so 

Barker, A. F. Textiles and Their Hanufacture.Svo, 4 oo 

Barker, A. F., and Uidgley, E. .Analysis of Woven Fabrics.Svo, 3 50 

Barker, A. H. Graphic Hethods of Engine Design.ixmo, a 00 

-Heating and Ventilation...4to, 900 

Barnard, J. H. The Naval Hilitiaman’s Guide.iSmo, leather i 00 

Barnard, Hajor J. G. Rotary Hotion. rSmo, o 75 

Barnes, J. B. Elements of Hilitary Sketching.iSmo. *0 75 

Barnett, E. deB. Coal-Tar Dyes and Intermediates.Svo, 3 s<> 
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Batrus, G. H. Engine Tests. Svo, *4 00 

Baterden, J. R. Timber.b»o, *i 50 
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Bayonet Training Manual.i 6 mo, 0 30 

Beadle, C. Chapters on Papermaking. Five Volumes_lamo, each, 2 50 

Beaumont, R. Color in Woven Design. 8 vo, *6 00 
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——Standard Cloths . 8 vo, ’6 00 

Beaumont, W. W. The Steam-Engine Indicator. 8 vo, 2 50 

Bechhold, H. Colloids in Biology and Medicine. 8 vo, 5 00 

Beckwith, A. Pottery. 8 vo, paper, o fio 

Bedell, F. The Airplane. 8 vo, 3 00 

Bedell, F., and Pierce, C. A. Direct and Alternating Current Manual. 

8 vn, .3 Oo 

Beech, F. Dyeing of Cotton Fabrics. 8 vo, 500 

-Dyeing of Woolen Fabrics. 8 vo, *3 50 

Beggs, G. E. Stresses in Railway Girders and Bridges. {In Press.) 

Begtrup, T. The Slide Valve . 8 vo, *2 00 
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Blaine, R. G. The Calculus and Its Applications.lamo, *i 75 

Blanchard, W. M. Laboratory Exercises in General Chemistry, .lamo, 100 

Blasdale, W. C. Quantitative Chemical Analysis.i.lamo, 300 

Bloch, L. Science of Illumination. 8 vo, 2 50 

Blyth, A. W. Foods: Their Composition and Analysis.Svo, 8 50 

-Poisons: Their Effects and Detection.Svo, 8 50 

Bockmahn, F. Celluloid.lamo, *2 50 

Bodmer, G. R. Hydraulic Motors and Turbines.i 2 mo, 300 

BoileaUj J. T. Traverse Tables. 8 vo, 5 00 

Bonney, G. E. The Electro-platers’ Handbook .lamo, i 50 

Boone, W. T. A Complete Course of Volumetric Analysis.tvmo, i 50 

Booth, N. Guide to the Ring-spinning Frame.tamo, *200 
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Booth, W. H, Water Softening and Treatment.,.Bvo, 3 50 

-Superheaters and Superheating and Their Control. 8 vo, *i 50 

Bottcher, A. Cranes; Their Construction, Mechanical Equipment and 

Working . 4 to (Reprinting.). 

Bottler, M. Modem Bleaching Agents.lamo, a 50 

Bottone, S. R. Magnetos for Automobilists.lamo, 00 

.——Electro-Motors, How Made and How Use.lamo, i 00 

Boulton, S. B. Preservation of Timber.i 6 mo, 0 75 

Bourcart, E. Insecticides, Fungicides and Weedkillers. 8 vo, *6 oc 

Bourgougnon, A. Physical Problems.i 6 mo, o 75 

Bourry, E. Treatise on Ceramic Industries. 8 vo, 6 00 

Bowie, A. J., Jr. A Practical Treatise on Hydraulic Mining. 8 vo, 5 00 

Bowls, 0. Tables of Common Rocks.i 6 mo, 0 75 

Bowser, E. A. Elementary Treatise on Analytic Geometry.lamo, i 75 

-Elementary Treatise on the Differential and Integral Calculus . lamo, 2 25 

-Elementary Treatise on Analytic Mechanics.ramo, 3 00 

-Elementary Treatise on Hydro-mechanics.lamo, 2 50 

-A Treatise on Roofs and Bridges.ismo, *2 25 

Boycott, G. W. M. Compressed Air Work and Diving. 8 vo, '''4 25 

Bradford, G Whys and Wherefores of Navigation.lamn, 2 00 

-Sea Terms and Phrases .raroo, fabrikoid (In Press.) 

Bragg, E. M. Design of Marine Engines and Auxiliaries. 8 vo, 4 00 

Brainard, F. H. The Sextant.i 6 mo, 

Brassey’s Naval Annual for 1919 . 8 vo, 10 00 

Briggs, R., and Wolff, A. H. Steam-Heating.i 6 mo, 0 75 

Bright, C. The Life Story of Sir Charles Tilsoj Bright.Svo, *4 50 

-Telegraphy, Aeronautics and War. 8 vo, 6 00 

Brislee, T, I. Introduction to the Study of Fuel.Svo, 3 50 

Broadfoot, S. K. Motors: Secondary Batteries .lamo, 0 75 

Broughton, H. H. Electric Cranes and Hoists. 

Browi., G. Healthy Foundations.i 6 mo, 0 75 

Brown, H. Irrigation...Svo, 0 00 

Brown, H. Rubber .Svo, 2 50 

-W. A. Portland Cement Industry.Svo, 3 00 

Brown, Wm. N. Dipping, Burnishing, Lacquering and Bronzing 

Biass Ware .izmo, 'i 50 

-Handbook on lapanning . izmo, 'ii 00 

Brown, Wm N. The Art of Enamelling on Metal.lamo, *2 00 

■ —House De.coraling and Painting. 12100 , *2 00 

— -History of Decorative Art .izmo *0 50 

-Workshop Wrinkles .Svo, *i oo 

Browne, C. L. Fitting and Erecting of Engines.Svo, *1 50 

Browne, R. E. Water Meters.i 6 mo, 0 75 

Bruce, E. M. Detection of Common Food Adulterants .lamo, i 40 

Brunner, R. Manufacture of Lubricants, Shoe Polishes and Leather 

Dressings . Svo, 3 50 

Buel, R. H. Safety Valves. i 6 mo, o 75 

Bunkley, J. W. Military and Naval Recognition Book. t 6 mo, r oc 

Burlev, G. W. Lathes. Their Construction and Operation.israo, 2 00 

--Machine and Fitting Shop Practice. 2 vols.i 2 mo, each, 2 00 

-Testing of Machine Tools.tamo, 2 00 

Burnside, W. Bridge Foundations.lamo, *2 00 
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BontiUiF.W. Enetsy Dlignin for Gu. TOthText.8»o, 150 

-Diagram. Sold separately. *1 ^ 

Burt, W. A. Key to the Solar Compass.i6mo, leather, ago 

Buskett, E. W. Fire Assaying.lamo, *i sg 

Butler, H. J. Motor Bodies and Chassis.8vo, *3 00 


Byers, H. 6., and Knight, H. 6. Notes on Qualitative Analysis_8vo, 

(New Edition in ^rf^aratioM,; 


Cain, W. Brief Course in the Calculus... 1 .... *i 75 

-—Elastic Arches .i 6 mo, a 75 

-Maximum Stresses .r 6 mo, 0 75 

-Practical Designing Retaining of Walis.i 6 mo, 075 

— Theory of Steel-concrete Arches and of Vaulted Structures. 

ibmo, 0 75 

-Theory of Voussoir Arches.i 6 mo, 0 75 

-Symbolic Algebra .i 6 mo, o 75 

Calvert, 0. T. The Manufacture of Sulphate of Ammonia and 

Crude Ammonia .tamo, 4 00 

Camm, S... Aeroplane Construction.tamo, 3 00 

Carhart, H. S. Thermo Electromotive Force in Electric Cells. ..lamo, a 00 

Carey, A. E., and Oliver, F. W. Tidal Lands. 8 vo, 5 00 

Carpenter, F. D. Geographical Surveying.i 6 mo, 

Carpenter, R. C., and Diederichs,H. Internal Combustion Engines. 8 vo, 5 50 

Carpniaei, U. Alectric Welding and Welding Appliances. 4 to, s no 

Carter, H. A. Ramie (Rhea), China Grass.lamo, *3 00 

Carter, H. R, Modern Flax, Hemp, and Jute Spinning. 8 vo, *3 50 

-Bleaching, Dyeing and Finishing of Fabrics... 8 vo, *1 ag 

Cary, E. R. Solution of Railroad Problems with the Slids Rule.iemo, i ag 

easier, M. D. Simplified Reinforced Concrete Mathematics_lamo, 1 ag 

Cathcart, W. L. Machine Design. Part I. Fastenings. 8 vo, *350 

Cathcart, W. L., and Chafiee, J. 1. Elements of Graphic Statics.. . 8 vo, *3 00 

--Short Course in Graphics..lamo, i 50 

Caven, R. M., and Lander, G. D. Systematic Inorganic Chemistry, lamo, a ag 

Chalkley, A. P. Diesel Engines. 8 vo, g oo 

Chalmers, T. W. The Production and Treatment of Vegetable Oils, 

4 to, 7 go 

-Paper Making and its Machinery. 4 to, 8 oo 

-The Gyroscopic Compass. 8 vo, g 00 

Chambers’ Mathematical Tables. 8 vo, a go 

Chambers, G. F. Astronomy.r 6 mo a go 

Chappel, E. Five Figure Mathematical Tables.Bvo, a go 

Charnock, Mechanical Technology. 8 vo, 3 go 

Charpentier, P. Timber. 8 vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes.i 6 mo, 0 75 

--How to Use Water Power.lamo, *1 gc 

—-Gyrostatic Balancing . 8 vo, *1 ag 

Child, C. D. Electric Arc. 8 vo, *2 00 

Cbristian, M. Disinfection and Disinfectants.lamo, a go 

Christie, W. W. Boiler-waters, Scale, Corrosion, Foaming. 8 vo, '300 

-Chinmey Design and Theory. 8 vo, *3 00 

-Furnace Draft .i 6 mo, 0 73 

-Water: Its Purification and Use in the Industries. 8 vo, 3 00 

Ihntch's Laboratory Guide. 8 vo, a 50 
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CiiiBf E. J. Modetn Maiiae Xagiiieetiiig.....tamo (In Press.) 

CUphuB, L E. Woolen and Wonted bidiutiiee...Jeo, 

CUtppeit^ G. Practical Papermaldag.8vo (Reprinfing.) 

Oark, A. O. Motor Car Engineering. 

VoL h Construction. 

Vol. II. Deeign ...Sro, 

Clark, C. H. Marine Gas Engines. Hew Edition. 

Clarke, J. W., and Scott, W. Plumbing Practice. 

Vol. I. I.ead Working and Plumbers’ Materials.Svo, 


Vol. m. Practical Lead Working on Roofs. (In Press.) 

Clarkson, R. P. Elementary Electrical Engineering.lamo. 

Clerk, D., and Idell, F. E. Theory of tbe Gas Engine.i6mo, 

Clevenger, S. R. Treatise on the Method of Government Surveying. 

i6mo, morocco, 

Clouth, F. Rubber, Gutta-Percha, and Balata.Rvo, 

Cochran, J. Concrete and Reinforced Concrete Specifications.Svo, 

-Treatise on Cement Specifications.Svo, 

Cocking, W. C. Calculations for Steel-Frame Structures.rsmo, 

Coffin, J. H. C. Navigation and Nautical Astronomy.ismo, 

Colburn, Z., and Thurston, R. H. Steam Boiler Explosions... .i6mo, 

Cole, R. S. Treatise on Photographic Optics.ismo, 

Coles-Finch, W. Water, Its Origin and Use.Svo, 

Collins, C. D. Drafting Room Methods, Standards and Forms.Bvo, 

Collins, S. Hoare. Plant Products and Chemical Fertiluers.Svo, 

-Chemical Fertilizers.Svo, 

Collis, A. 6. High and Low Tension Switch-Gear Design.Svo, 

-Switchgear .tzmo, 

Colver, E, D. S. High Explosives.Svo, 

Comstock, D. F., and Troland, L. T, The Nature of Electricity and 

Matter . Svo, 

Coombs, H. A. Gear Teeth.rEmo, 

Cooper, W. R. Primary Batterie s.Svo, 

Copperthwaite, W. C. Tunnel Shields. 4 to, 

Corfield, W. H. Dwelling Houses.lEmo, 

-Water and Water-Supply.rEmo, 

Cornwall, H. B. Manual of Blow-pipe Analysis.Svo, 

Coucb, J. F. Dictionarv of Chemical Terms.lamo, fabrikold. 

Cowee, G A. Practical Safety Methods and Devices.Svo, 

Cowell, W. B. Pure Air, Ozone, and Water.ramo, 

Craig, J. W., and Woodward, W. P. Questions and Answers About 

Electrical Apparatus.rzmo, leather, 

Cidig, T. Motion of a Solid in a Fuel.ifimo, 

-Wpve and Vortex Motion.lEmo, 

Crehore, A, C. Mystery of Matter and Energy.Svo, 

-The Atom.izmo, 

Crocker, F. B., and Arendt, M. Electric Motors.Svo, 

Crocker, F. B., and Wheeler, S. S. The Management of Electrical Ma¬ 
chinery.ramo, 

Crosby, E. U., Fiske, H. A., and Forster, H. W. Handbook of Fire 

Protection.izmo. 

Cross, C. F., Bevan, E. J., and Sindall, R. W. Wood Pulp and Its 

Uses .Svo, 

Crosikey, L. R. • Elementary Perspective.Svo, 
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Ctoaskey, L. K, and Thaw, J. Advanced Perspective. _8vo, 

Culley, J. L. Theory of. Arches.. ..\ * 

Cushing, H. C., Jr, and Haniaon, N. Central Station Management... 


Oadourian, H. M. Analytical Mechanics. 

-Graphic Statics . 

Danby, A. Natural Rock Asphalts and Bitumens. 

Darling, E. R. Inorganic Chemical Synonyms. 

Davenport, C. The Book. 

Davey, N. The Gas Turbine. 

Davies, F. H. Electric Power and Traction. 

Davis, A. M. Introduction to Palaeontology. 

-Foundations and Machinery Fixing. 

Deerr, N. Sugar Cane.Svo 

Deite, C. Manual of Toilet Soap-Making. 

)e la Coux, H. The Industrial Uses of Water. 


.ismo, 

.Svo, 

.Svo, 

.lirao, 

.Svo, 

.Svo, 

.Svo, 

.Svo, 

.i 6 mo, 

{Reprinting ) 

.Svo, 

.Svo, 


Del Mar, W. A. Electric Power Conductors.Svo, 

Denny, G. A. Deep-level Mines of the Rand. 4 to, 

De Roos, J. D. C. Linkages.i 6 mo, 

Derr, W. L. Block Signal Operation.Oblong lamo. 

Desaint, A. Three Hundred Shades and How to Mix Them.Svo, 

De Varona, A. Sewer Gases.i 6 mo, 

Devey, R. G. Mill and Factory Wiring.lamo, 

Dichmanu, Carl. Basic Open Hearth Steel Process..lamo, 

Dieterich, K. Analysis of Resins, Balsams, and Gum Resins.. .Svo, 

Dilworth, E. C. Steel Railway Bridges./)to. 

Dinger, Lieut. H. C. Care and Operation of Naval Machinery.. lamo, 
Dixon, D. B. Machinist’s and Steam Engineer’s Practical Calculator. 

ibmo, morocco, 

Dommett, W. E Motor Car Mechanism . iimo, 


Dorr, B. F. The Surveyor’s Guide and Pocket Table-book. 

lOmo, morocco. 

Draper, C. H. Heat and the Principles of Thermo-Dynamics, .lamo. 


Draper, E. G. Navigating the Ship.izmo, 

Dubbel, H. High Power Gas Engines.Svo, 


Dumesny, P., and Noyer, J. Wood Products, Distillates, and Extracts. 

Svo, 

Duncan, W. G., and Penman, D. The Electrical Equipment of Collieries. 

Svo, 

Dunkley, W. G. Design of Machine Elements. Two volumes .Svo,each, 


Dunstan, A. E., and Thole, F. B. T. Textbook of Practical Chemistry. 


lamo, 

Durham, H. W. Saws.Svo, 

Duthie, A. L. Decorative Glass Processes.Svo, 

Dwight, H. B. Transmission Line Formulas.Svo, 

Dyke, A. L. Dyke’s Automobile and Gasoline Engine Encyclopedia, 

Svo, 

Dyson, S. S. A Manual of Chemical Plant. 12 parts... .qto, paper, 

Dyson, S. S., and Clarkson, S. S. Chemical Works.Svo, 

Eccles, W. H. Wireless Telegraphy and Telephony.....larao. 
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J. Light, Radiation and lUnmination. 8 to, 1 50 

Iddy, L. C. Laboratory Manual of Alternating Cnirenta.iimo, 0 50 

Rdeiaan, P. Inventions and Patents.ismo, 2 00 

Xdgcnmbe, E. Industrial Electrical Measuring Instruments.Svo, 5 00 

Edler, R. Switches and Switchgear.Svo, 4 00 

Eissler, M. The Metallurgy of Gold.Svo, 9 00 

-The Metallurgy of Silver.Svo, 4 00 

-The Metallurgy of Argentiferous Lead.Svo, 6 25 

-A Handbook on Modem Explosives.Svo, 5 00 

Ekin, T. C. Water Pipe and Sewage Discharge Diagrams.folio, *3 00 

Electric Light Carbons, Manufacture of.Svo, i 00 

Eliot, C. W., and Storer, F. H. Compendious Manual of Qualitative 

Chemical Analysis.izmo, i 50 

Eliott, A. W. M. Rectangular Areas.lamo, 3 00 

Ellis, C. Hydrogenation of Oils.Svo, 7 50 

-Ultraviolet Light, Its Applications in Chemical Arts . ismo, 

(In Press) 

-and Meigs, J. V. Gasolene and Other Motor Fuels.. (y« Press.) 

Ellis, G. Modern Technical Drawing.Svo, *2 00 

Ennis, Wm. D. Linseed Oil and Other Seed Oils.Svo, 5 00 

——Applied Thermodynamics.Svo, 5 00 

-Vapors for Heat Engines.lamo, *i 00 

Ermen, W. F. A. Materials Used in Siring.Svo, *200 

Erwin, M. The Universe and the Atom. lamo (Rvprintmg.) 

Ewing, A. J. Magnetic Induction in Iron.Svo, 5 00 

Fage, A. Airscrews in Theory and Practice. 4 to, to od 

Fairchild, J. F. Graphical Compass Conversion Chart and Tables... 0 50 

Fairie, J. Notes on Lead Ores.lamo, *0 50 

-Notes on Pottery Clays.lamo, *2 00 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Mines... ,i 6 mo, 0 75 

Fairweather, W. C. Foreign and Colonial Patent Laws .Svo, *300 

Falk, K. G. Chemical Reactions: Their Supply and Mechanism. .i 2 mo, 2 50 

Fanning, J. T. Hydraulic and Water-supply Engineering.Svo, *5 00 

Farnsworth, P. V. Shop Mathematics.lamo (hi Press.) 

Fay, I. W. The Coal-tar Dyes.Svo, 5 00 

Ferabach, R. L. Glue and Gelatine.Svo, *3 00 

Findlay, A. The Treasures of Coal Tar.i 2 mo, 2 00 

Firth, J. B. Practical Physical Chemistry.ramo, i 25 

Fpxher, E. The Preparation of Organic Compounds.lamo, 2 oc 

Fishei ii. K. C., and Darby, W. C. Submarine Cable Testing.. .Svo, 4 00 

Fleischmann, W. The Book of the Dairy.Svo, 4 50 

Fleming, J. A. The Alternate-current Transformer. Two Volumes. Svo. 

Vol. I. The Induction of Electric Currents. *6 50 

Vol, II. The Utilization of Induced Currents. 6 50 

-Propagation of Electric Currents .Svo, 5 00 

-A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes..Svo, each, *650 

Plenry, P. Preparation and Uses of White Zinc Paints.Svo, 3 00 

Flynn, P. J. Flow of Water.i 2 mo, 0 75 

-Hydraulic Tables .iSmo, o 75 
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Foster, a. A. Bleetricsl jBafiaeers’ Pocket-book. (.SowfUA SdiHon.) 

laino, leather, 5 00 

-Enpneering Valuation of Public Utilitiea and Factories..^Svo, •> 00 


Fowle, F. F. Overhead Transmission Line Crossings.lomo, *i 50 

-The Solution of Alternating Current Problems.Cvo (/« Prm.) 

Fox, W. G. Transition Curves.i 6 mo, 0 75 

Fox, 'W, and Thomas, C. W. Practical Course in Mechanical Draw¬ 
ing .ixmo, I as 

Foye, J. C. Chemical Prohlema.lOmo, 0 75 

(-Handbook of Mineralogy.i 6 mo, 0 75 

Francis, J. B. Lowell Hydraulic Experiments. 4 to, 1 $ 00 

Franzen, H, Exercises in Gas Analysis.ismo, *i 00 

Fraser, E. S., and Jones, R. B. Motor Vehicles and Their Motors, 

8 vo, fabrikoid, 2 00 

Preudemacher, P. W. Electric Mining Installations.lamo, i 00 

Friend, J. N. The Chemistry of Linseed Oil.lamo, i 00 

Fritsch, J. Manufacture of Chemical Manures. 8 vo, 5 00 

Frye, A. I. Civil Engineers’Pocket-book.lamo, leather, *500 

Fuller, G. W. Investigations into the Purification of the Ohio River. 

4 to, *10 00 

Fumell, J. Paints, Colors, Oils, and Varnishes. 8 vo. 

Gant, L. W. Elements of Electric Traction... 8 vo, *2 50 

Garcia, A. J. R. V. Spanish-English Railway Terms. 8 vo, *3 00 

Gardner, H. A. Paint Researches, and Their Practical Applications, 

8 vo, *5 00 

Garfortb, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires. lamo, leather, i 50 

Garrard, C. C. Electric Switch and Controlling Gear. 8 vo, *6 00 

Gaudard, J. Foundations.i 6 mo, 0 75 

Gear, H. B., and Williams, P. F. Electric Central Station Distribution 

Systems . 8 vo, *3 50 

Geerligs, H. Cj P. Cane Sugar and Its Manufacture. 8 vo, *6 00 

-Chemical Control in Cane Sugar Factories. 4 to, 5 00 

Geikie, J. Structural and Field Geology. 8 vo, 7 50 

-Mountains. Their Growth, Origin and Decay. 8 vo, 4 50 

-The Antiquity of Man in Europe. 8 vo, *3 00 

Georgi, F., and Schubert, A. Sheet Metal Working. 8 vo, 3 50 

Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Houses .lamo, 2 50 

-Gas Lighting .i 6 mo, 0 75 

-Household Wastes .t 6 mo, 0 75 

-House Drainage .t 6 mo, o 75 

.——Sanitary Drainage of Buildings.i 6 mo, 0 75 

Gethardi, C. W. H. Electricity Meters. 8 vo, *7 20 

Geschwiud, L. Manufacture of Alum and Sulphates. 8 vo, 5 00 

Gibbings, A. H. Oil Fuel Equipment for Locomotives. 8 vo. 

{Reprihtitui.) 

Gibbs, W. E. Lighting by Acetylene.i 2 mo, *130 

Gibson, A. H. Hydraulics and Its Application. 8 vo, 6 00 

——Water Hammer in Hydraulic Pipe Lines.ramo, 2 50 

Gibson, A. H., and Ritchie, E. G. Circular Arc Bow Girder. 4 to, *3 50 
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GiUireth, F. B. Motion Study.iimo, *2 oo 

-Primer of Scientific Management.i»mo, i 25 

Gill, A H. Gas Analysis for Chemists.:... 8 va, i 25 

Gillmoie, Gen, Q. A. Roads, Streets, and Favementa...ismo, 1 25 

Godfrey, E, Tables for Structural Engineers.idmo, leather, *a 50 

Golding, H. A. The Theta-Phi Diagram.ismo, *a 00 

Goldschmidt, R. Alternating Current Commutator Motor.8 to, *300 

Goodchlld, W. Precious Stones. 8 vo, 2 50 

Goodell, J. M. The Location, Construction and Maintenance of 

Roads . 8 vo, 2 00 

Goodeve, T. M. Textbook on the Steam-engine.ismo, 2 50 

Gore, G. Electrolytic Separation of Metals. 8 vo, 4 50 

Gould, E. S. Arit^etic of the Steam-engine.ismo, r 00 

-Calculus .i 6 mo, 0 75 

-High Masonry Dams.i 6 mo, 0 75 

Gould, E. S. Practical Hydrostatics and Hydrostatic Formulas, ,i 6 mo, o 75 

Goulding, E. Cotton and Other Vegetable Fibres. 8 vo, 3 00 

Gratacap, L. P. A Popular Guide to Minerals. 8 vo, *200 

Gray, H. H. Gas-Works Products. 8 vo (/« Pri-vs.) 

Gray, J. Electrical Influence Machines . irmo, 2 00 

-Marine Boiler Design.lamo (Kel>rintmi).) 

GreenhiU, G, Dynamics of Mechanical Flight. 8 vo, *2 So 

Greenwood, H. C. The Industrial Gases. 8 vo, 5 00 

Gregorius, R Mineral Waxes.lamo, 3 00 

Grierson, R. Some Modern Methods of Ventilation. 8 vo, *3 00 

Griffiths, A. B. A Treatise on Manures.raroo (Rcf-riiiluu/.) 

Gross, E. Hops, . g'vo, *5 oo 

Grossman, J. Ammonia and Its Compounds.larao, i 50 

Groth, L. A. Welding and Cutting Metals by Gases or Electricity. 

8 T 0 , 3 00 

Grover, F. Modern Gas and Oil Engines. 8 vo, *3 00 

Gruner, A. Power-loom Weaving. ]..!! 8 vo| *3 50 

Gninsky, C. E. .Topographic Stadia Surveying.i 6 mo', a 00 

Gunther, C. 0. Integration .. i 50 

' Gurden, R. L. Traverse Tables.folio', 7 50 

Guy, A. E. Experiments on the Flexure of Beams.. . 8 vo, *i 25 


Haenig, A. Emery and Emery Industry.8vo, 

Hainbach, R. Pottery Decoration .i2mo' 

Hale, A. J. The Manufacture of Chemicals by Electrolysis.8vo', 

Hale, Harrison. American Chemistry.jomo (In Press.) 

Hale, W. J. Calculations of General Chemistry .lamo. 

Hall, C. H. Chemistry of Paints and Paint Vehicles ,. . i2mo. 

Hall, R. H. Governors and Governing Mechanism.lamo, 

Hall, W. S. Elements of tlw Differential and Integral Calculus_8voi 

-Descriptive Geometry.8vo volume and a 4to atlas. 


Haller, G. F., and Cunningham, E. T. The Tesla Coil... 

Halsey, F. A. Slide Valve Gears. 

-The Use of the Slide Rules. 

-Worm and Spiral Gearing. 

Hamlin, M. L. Action of Chemicals on Industrial 


.rimo, 

.x 2 mo, 

.i 6 mo, 

.i 6 mo. 

Materials. .Svo, 
(In Press.) 


*2 50 

3 50 
2 00 

t 50 
*2 00 
*2 50 
2 75 

4 00 
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0 75 
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Hancock, H. Textbook of Mechanics and Hydrostatics. 8 vo, i 5** 

Hardy, E. Elementary Principles of Graphic Statics.izmo, *150 

Haring, H. Engineering Law. 

Vol. I. Law of Contract. 8 vo, *4 00 

Harper, J. H. Hydraulic Tables on the Flow of Water.i 6 mo, *2 00 

Harris, S. M. Practical Topographical Surveying. {In Press.) 


Harrow, B. Eminent Chemists of Our Times: Their Lives and Work. 2 50 


-From Newton to Einstein.ismo, 

Harvey, A. Practical Leather Chemistry. 8 vo, 

Haskins, C. H. The Galvanometer and Its Uses.i 6 mo, 

Halt, J. A. H. The Colorist.square irmo, 

Hausbrand, E. Drying by Means of Air and Steam.ismo, 

-Evaporating, Condensing and Cooling Apparatus. 8 vo, 

Hausmann, E. Telegraph Engineering. 8 vo, 


Hausner, A. Manufacture of Preserved Foods and Sweetmeats... . 8 vo, 
Hawkesworth, J. Graphical Handbook for Reinforced Concrete Design. 


4 to, 

Hay, A, Continuous Current Engineering. 8 vo, 

Hayes, H, V. Public Utilities, Their Cost New and Depreciation.. . 8 vo, 

-Public Utilities, Their Fair Present Value and Return. 8 vo, 

Heath, F. H. Chemistry of Photography . 8 vo. {In Press.) 

Heather, H. J. S. Electrical Engineering. 8 vo, 

Heaviside, 0. Electromagnetic Theory. Vols. I and II.... 8 vo, each, 

(Kcprinting.) 

Vol. Ill. .... 8 vo tKcprintinq.y 

Heck, R. C. H. The Steam Engine and the Turbine. 8 vo, 

-Steam-Engine and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics. 8 vo, 

Vol. II. Form, Construction, and Working,. 8 vo, 

-Notes on Elementary Kinematics. 8 vo, boards, 

-Graphics of Machine Forces. . 8 vo, boards, 

Heermann, P. Dyers’ Materials.ismo, 

Hellot, Macquer and D’Apligny. Art of Dyeing Wool, Silk and Cotton. 8 vo, 
Bering, C., and Getman, F. H. Standard Tables of Electro-Chemical 


Equivalents .lamo, 

Bering, D. W. Essentials of Physics for College Students. 8 vo, 

Herington, C. F. Powdered Coal as Fuel . 8 vo, 

Herrmann, G. The Graphical Statics of Mechanism.lamo, 

Herzfeld, J. Testing of Yarns and Textile Fabrics. 8 vo. 


r 00 
6 00 

1 50 

• a 00 

2 50 
6 00 

♦3 00 

3 50 

2 03 

3 75 
*2 00 
*2 00 

4 50 


4 50 

4 50 

5 50 
♦i 00 
*i 00 

3 00 
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*2 00 
2 25 

4 50 
2 00 

6 00 


Hildenbrand, B. W. Cable-Making.i 6 mo, o 75 

Hilditch, T. P. A Concise History of Chemistry.lamo, *t 50 

Hill, M. J. M. The Theory of Proportion. 8 vo, ’2 50 

Hillhouse, P. A. Ship Stability and Trim. 8 vo, 5 on 

Hiroi, I. Plate Girder Construction.r 6 mo, o 75 

--. Statically-Indeterminate Stresses.lamo, 2 50 

Hirshfeld, C. F. Engineering Thermodynamics.i 6 mo, 0 75 

Hoar, A. The Submarine Torpedo Boat.lamo. *2 00 

Hobart, H. M. Heavy Electrical Engineering. 8 vo, *4 50 

-Design of Static Transformers.lamo, 2.40 

-Electricity. _... 8 vo, *200 

-Electric Trains. 8 vo (Reprinling.) 

_ P.lorfri/. PrftTilllainn ftf Shins .Rv.o. *2 Co 
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Hobtrt, J. F. Hard Soldering, Soft Soldering and Btaxing.lamo, 

Hobba, W. R. P. The Arithmetic of Electrical Measniementa_lemo, 

EoS, J. N. Paint and Varnish Facts and Formulas.lamo, 

Hole, W. The Distribution of Gas.8vo, 

Holmes, A. Homenclatuie of Petrology.8vo, 

Hopkins, N. M. Model Engines and Small Boats.ismo, 

-The Outlook for Research and Invention.umo. 

Hopkinson, J., Shoolbred, J. N., and Day, R. E. Dynamic Electricity. 

i6mo. 

Horner, J. Practical Ironfounding.8vo, 

-Gear Cutting, in Theory and Practice.8vo (Reprinting.) 

Houghton, C. E, The Elements of Mechanics of Materials.ismo, 

Houstoun, R. A. Studies in Light Production.iimo, 

Hovenden, F. Practical Mathematics for Young Engineers.i 2 mo, 

Howe, G. Mathematics for the Practical Man.iimo, 

Iloworth, J. Repairing and Riveting Glass, China and Earthenware. 

avo, paper, 

Hoyt, W. E. Chemistry by Experimentation.Svo, 

Hubbard, E. The Ut.lization of V/aod-waste . .Svo, 

Hiibner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials. 

Svo, 

Hudson, 0. F. Iron and Steel. .S''o. 

Humphreys, A. C. The Business Features of Engineering Practice.Svo, 

Hunter, A. Bridge Work.8vo. (In Press.) 

Hurst, G. H. Handbook of the Theory of Color.Svo, 

-Dictionary of Chemicals and Raw Products.8vo, 

-Lubricating Oils, Fats and Greases.Svo, 

-Soaps . 

Hurst, G. H., and Simmons, W. H. Textile Soaps and Oils.Svo, 

Hurst, H. E., and Lattey, R. T. Text-book of Physics .Svo, 

-Also published in three parts. 

Pail I. Dynamics and Heat . 

Part- II Sound and Light ... .. 

Part III. Magnetism and Electricity . 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

.lamo, 

Hutchinson, R. W., Jr., and Thomas, W. A. Electricity in Mining lamo. 

(In Press.) 

W. Skew Arches.r6mo. 


Hyde, E. 

Hyde F. S. Solvents, Oils, Gums, Waxes 


.Svo, 


1 as 
0 75 
a 00 
’►S 50 
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3 00 


0 75 
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Induction Coils .. 

Ingham, A. E. G«aring. A Practical treatise. 8 vo, 

Ingle, H. Manual of Agricultural Chemistry.Svo, 

Inness, C. H. Problems in Machine Design .lamo, 

-Centrifugal Pumps.. 

-The Fan . 


0 75 
*2 50 
5 00 

*3 0 ® 

♦3 00 

♦4 00 


Jacob, A., and Gould, E. S. On the Designing and Construction of 
Storage Reservoirs .. 


o 7 S 


g S S 
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Jacobs, F. B. Cam Design and Manufacture.( In Prm.) 

James, F. D. Controllers for Electric Motors. 8 vo. 

Jehl, F. Manufacture of Carbons . 8 vo, 

Jennings, A. S. Commercial Paints and Painting. 3 ro. 

Jennison, F. H. The Manufacture of Lake Pigments. 8 va, 

Jepson, G. Cams and the Principles of their Construction.. 8 vo, 

-Mechanical Drawing. 8 to {In Prepnralion.) 

Jervis-Smith, F. J. Dynamometers ..Svo. 

Joclrin, W. Arithmetic of the Gold and Silversmith.lamo, 

Johnson, C. H., and Earle, E. P. Practical Tests for the Electrical 

Laboratory .t In Press.) 

Johnson, J, H. Arc Lamps and Accessory Apparatus .lamo, 

Johnson, T. M. Ship Wiring and Fitting umo (iV.'/’iiHiijii/.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology.lamo, 

Jhly» J- Radioactivity and Geology lamo ' Keerinhnp.) 

Jones, H. C. Electrical Nature of Matter and Radioactivity :,'mii, 

-Nature of Solution.Svo, 

-New Era in Chemistry .iviiio, 

Jones, J. H. T'nplate Industry .... . Svo 

Jones, M. W. 'i 'sting Raw Matorals Used .11 I'nnt ... . unio 

Jordan, L.C. Prartical Railway Spiral . ,,nmo li ither 

Jupcaer, B. F. K. Siderclosy: The Scie. ce of Iron .. 8 vo 


A 
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4 00 
*I 00 


0 75 
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a 25 
3 75 
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‘3 00 
' 2 50 
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0 75 
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3 50 
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75 


Xapp, 0 . Alternate Outrent Machinery. 

Kapper, F. Overhead Transmissitn lines. 

Eeim, A. W. Prevention of Dampness la Buildings,.... . jJ!' 

*’■ Geometry and Calculus 

tlpderhiU, C. R. The Periodic Law and the Bydrugaa 

Xemp, ].F. Handbook of'Rocks, 

Kennedy, A. B. W., and Thurston, R. H. Kinematics ot Machinery,' 

Kennedy, A. B. W., Unwin, W. C., and IdeU, F. E. Compressed' 

Kennedy, R Flying Machines: Practice and Design,. 

-Principles of Aeroplane Construction. . » ’ 

Kent, W. Strength of Materials .g 

-fcrL^s^inrr’ Analysis,':;.'::::;:;:; 

steerprodnetion::"^™’ 

Kingsett, C. T. TopuTar' 

Kinzbrnnner, C. Continuous Current Armatures. 8v»’ 

— Testing of Alternating Current Machines. .8, ’ 

Kinzer, H., and Walter, K. Theory and Practice of Damask Weaving': 

'’ride, J. Engraving for Illustration . . 'j °° 

.. *I 00 


i6ino, 0 75 


0 75 

2 io 
*2 00 

0 75 

3 50 
2 50 

*3 00 

4 no 
4 00 
I 50 

•a 00 

4 00 


8 8 Sg 
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EliBchke, A. 6*8 and Oil Engines.lamo, *i go 

Klein, J, F. Design of a High-speed Steam-engine.8vo, *s 00 

— Physical Significance of Entropy.8vo, *i so 

Klingenbeig, G. Large Electric Ponrer Stations.4to, 9 00 

Knight, R.-Adm. A. H. Modem Seamanship.Svo, *6 50 

——Pocket Edition..iimo, fabtikoid, 3 00 

Knott, C. G., and Mackay, J. S. Practical Mathematics.Svo, a go 

K'jox, J. Physico-Chemical Calculations.lamo, t go 

-Fixation of Atmospheric Nitrogen.lanjo, i 00 

Koester, F. Steam-Electric Power Plants.4to, *5 00 

-Hydroelectric Developments and Engineering.4to, 6 00 

Koller, T. The Dtiliiation of Waste ftoducts.Svo, *5 00 

-Cosmetics . 8vo, 3 50 

Eoppe, S. W. Glycerine.lamo, *3 30 

Kormin, P. A. Flour Milling.Svo, ■ 8 50 

Krauch, C. Chemical Reagents.Svo, 7 00 

Kiemann, R. Application of the Physico-Chemical Theory to Tech¬ 
nical Process and Manufacturing Methods.Svo, 3 00 

Kretchmar, K. Yarn and Warp Sizing.Svo, *5 00 

Laffargue, A. Attack in Trench Warfare.i6mo, 0 50 

Lallier, E. V.. Elementary Manual of the Steam Engine.izmo, *2 00 

Lambert, T. Lead and Its Compounds.Svo, *3 50 

-Bone Products and Manures.Svo, *3 50 

Lamborn, L. L. Cottonseed Products.Svo, 4 00 

-Modern Soaps, Candles, and Glycerin.Svo, 10 00 

Lamprecht, R. Recovery Work After Pit Fires.Svo, 5 00 

Lanchester, F. W. Aerial Flight. Two Volumes. 8vo. 

Vol. I. Aerodynamics. *6 00 

Vol. 11 . Aerodonetics. *6 00 

Lanchester, F. W. The Flying Machine.Svo, *3 00 

—r Industrial Engineering: Present and Post-War Outlook.. . lamo,' i 00 

Lange, E. R By-Products of Coal-Gas Manufacture.izmo, 2 50 

La Rue, B. F. Swing Bridges.i6mo, 0 75 

Lassar-Cohn, Dr. Modern Scientific Chemistry.izmo, z zg 

Latimer, L. H., Field, C. J., and Howetl, J. W. Incandescent Electric 

Lighting .i6mo, 0 7g 

Latta, M. N. Handbook of American Gas-Engineering Practice. .Svo, g 00 

-American Producer Gas Practice.4to, *6 00 

Laws, B. C. Stability and Equilibrium of Floating Bodies.Svo, 4 go 

Lawson, W. R. British Railways. A Financial and Commercial 

Survey.Svo, a 00 

Leask. a. R. Refrigerating Machinery.izmo {Rcpriniinq.) 

Lecky, S. T. S. “Wrinkles” in Practical Navigation.Svo, 10 00 

-Pocket Edition .izmo, g 00 

-Danger Angle .i6mo, a go 

Le Doux, M. Ice-Making Machines .i6mo, 0 yg 

Leeds, C. C. Mechanical Drawing for Trade Schools.oblong 4to, z zg 

-Mechanical Drawing for High and Vocational Schools.4to, i go 

— Principles of Engineering Drawing.Svo, z go 

Lefevre, L. Architectural Pottery. 4to, 7 00 

Lehner, S. Ink Manufacture.Svo, z go 

Lmstrom, S. Electricity in Agriculture and Horticulture.Svo, *1 go 

Letts, E. A. Fundamental Problems in Chemistry..'..Svo, *1 00 
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te Van, W. B. Steam-Engine Indicator.^6mo, o n 

Lewes, V. B. Liquid and Gaseous Fuels.8vo, 3 00 

--Carboniiation of Coal.8vo, *5 00 

Lewis Automatic Machine Rifle; Operation of.i6mo, *0 60 

Licks, H. E. Recreations in Mathematics.umo, 1 50 

Lieber, B. F. Lieber’s Five Letter American Telegraphic Code .8vo, *15 00 

-Spanish Edition .8vo, *15 00 

-French Edition .8vo,’15 00 

-Terminal Index .8vo, *1 50 

-Lieber’s Appendix.folio, *15 00 

-Handy Tabies.4to, *250 

-Bankers and Stockbrokers’ Code and Merchants and Shippers’ 

Blank Tables.8vo, *15 00 

-100,000,000 Combination Code.8vo, *10 oo 

Livermore, V. P., and Williams, J. How to Become a Competent Motor- 

man .i2mo, ‘t 00 

Livingstone, R. Design and Construction of Commutators..... .8vo, 4 50 

— -Mechanical Design and Construction of Generators.8vo, 450 

Lloyd, S. L. Fertilizer Materials.izmo, 2 00 

Lockwood, T. D. Electricity^ Magnetism, and Electro-telegraph .. .8vo, 250 

— Electrical Measurement and the Galvanometer.izmo, 0 75 

Lodge, 0 . J. Elementary Mechanics.izmo, i 50 

Loewenstein, L. C., and Crissey, C. P. Centrifugal Pumps. j 00 

Lomax, J. W. Cotton Spinning. lamo, i 50 

Lord, R, T. Decorative and Fancy Fabrics. ... Svo, *3 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph i6mo, 0 75 

Lowy, A. Organic Type Formulas. . 0 10 

Lubschez, B. J. Perspective.lamo, 200 


Lucke, C. E. Gas Engine Design.8vo, *3 00 

-Power Plants: Design, Efficiency, and Power Costs. 2 vols. 

Un Prcparatiou.) 

Luckiesh, M. Color and Its Application.Svo, 3 50 

-Light and Shade and Their Apjdications. 3 vo, 3 00 

-Visual Illusions. (A; I'rcparatiint.) 

Lunge, G. Coal-tar and Ammonia. Three Volumes.Svo, *25 00 

-Technical Gas Analysis..Svo, *4 50 

-Manufacture of Sulphuric Acid and Alkali. Four Volumes .. 8vo, 

Vol. I. Sulphuric Acid. In three parts. Uicprinting.) 

Vol. I. Supplement .Svo (lit printing.) 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. In two 

parts . (In I’rcss.} 

Vol. III. Ammonia Soda. (In Pri'ss.) 


Vol. IV. Electrolytic Methods. (In Pnns.) 

— Technical Chemists’ Handbook.lamo, leather, *4 00 

■-Technical Methods of Chemical Analysis. 

Vol. I. In two parts.Svo (\’rw EdilUm in Pms.) 

Vol. II. In two parts.Svo (Nnv Rdilimj in Press.) 

Vol. III. In two parts.Svo (New Hditiun in Press.) 

The set (3 vola.) complete. 
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Lnqnet, L. M. Mineials in Rock Sections.8vo, i 75 

HacBride, J, D. A Handbook of Practical Shipbuilding, 

lamo, fabrikoid, a 00 

Macewen, H. A. Food Inspection.8vo, *2 50 

Idackenzie, N. F. Notes on Irrigation Works.8vo, *250 

Mackie, J. How to Make a Woolen Mill Pay.8vo, ’"a 00 

Maguire, Wnu R. Domestic Sanitary Drainage and Plumbing .... 8vo, 4 00 

Malcolm, H, W. Submarine Telegraph Cable. 9 00 

Malinovzsky, A. Analysis of Ceramic Materials and Methods of 

Calculation . U'‘ I'rcss.) 

Mallet, A. Compound Engines.i6mo, 

Mansfield, A. N. Electro-magnets.i6mo, o 75 

Marks, E. C. R. Construction of Cranes and Lifting Machinery, lamo, *2 75 

-Manufacture of Iron and Steel Tubes.izmo, 2 50 

-Mechanical Engineering Materials.izmo, *i 50 

Marks, G. C. Hydraulic Power Engineering.8vo, 4 50 

Marlow, T. G. Drying Machinery and Practice... .8vo (lieprinting.) 

Marsh, C. F. Concise Treatise on Reinforced Concrett .8vo, *2 50 

--Reinforced Concrete Compression Member Diagram. Mounted on 

Cloth Boards. *1.50 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con¬ 
crete Block Construction.i6mo, z 00 

Marshall, W. J., and Sankey, H. R. Gas Engines.8vo, z 00 

Martin, G. Triumphs and Wonders of Modern Chemistry.8vo, *3 00 

-Modern Chemistry and Its Wonders.^.8vo, *3 00 

Martin, N. Properties and Design of Reinforced Concrete.8vo, i 50 

Martin, W. D. Hints to Engineers.izmo, a 00 

Massie, W. W., and Underhill, C. R. Wireless Telegraphy and Telephony. 

i2mo, *1 00 

Mathot, R. E. Internal Combustion Engines.8vo, s 00 

Maurice, W. Electric Blasting Apparatus and Explosives .8vo, *350 

■-Shot Firer’s Guide .8vo, *i 50 

Maxwell, F. Sulphitation in White Sugar Manufacture.izmo, 4 00 

Maxwell, J. C. Matter and Motion.i6mo, o 75 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Muni ipal and Sani¬ 
tary Engineering .4to, *to 00 

Mayer, A. M. Lecture Notes on Physics .8vo, 2 00 

McCracken, E. M, and Sampson, C. H. Course in Pattern Making. 

(In Pre.fs.) 

McCullough, E. Practical Surveying .izmo, 3 00 

McCullough, R. S. Mechanical Theory of Heat.8vo, 350 

McGihbon. W C. Indic.etor Dnig-ams for Marine Engineers.8vo, '3 50 

——Marine Engineers’ Drawing Book.oblong 4to, *z 50 

McGibbon, W. C. Marine Engineers Pocketbook.izmo, *4 50 

McIntosh’, J. G. Technolot'V of Sii,gar.8vo, *6 00 

-Industrial . 4 Icohol ... 8vo, +3 50 

-Manufacture of Varnishes and Kindred Industries. Three Volumes. 

8vo. 


Vol. I. Oil Crushing, Refining and Boiling. 7 00 

Vol. II. Varnish Materials and Oil Varnish Making. 5 00 

Vol. III. Spirit Varnisher, and Materials. 600 
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Kcffit ^p”'.n“'lrown, A, W. Boile^?! 

IS U 

ScNair r. V Haaflbook Naval Officers.tamo. 

Meade A. Modera Gar Works Practice..^Svo, 

M V/.V r W Taut Laboratory Gu'df. .. •• •■ ■■■ ; .lamo, 

“MentoiC’ Self Instruction for Students in G«s Supply. «mo. 

ElcmeBtaiy . . 

Advanced ■ sui.lents in Gas Engineering, lamo. 

_ SeJ/-Jnstruct!or Ji> Mimcui.- 

£’/ementary . . 

.... .••••« .. ‘ *» 

Kerivale, J. H. Note.' and formulae for Mining Students ... tamo, 
Merritt, Wm. H. Field Testing for Gold and Silver... .i6mo, leather, 

M^ens. Tactics and Technique of River Crossings.8v(i, 

Mierzinski, S. Waterproofing of Fabrics .dvo, 

B. F. Radio Dynamics.irmo, 

Muter, G. A. Determiaiants.lOmo, 

Miller, W. J Introduction to Historical Geology.irmo, 

MUroy, M. E. W. Home Lace-making. irmo, 

——Church Lace .irrap, 

Mills, C. H Elementary Mechanics for Engineers.8vo, 

M-tWheU, C. K. Mineral and Aerated Wafers.8vo, 

Mitchell, C A., and Pildeaux, R. M. Fibres Used in Textile and Allied 

Industries. ... 

Mitchell, C. F., and G. A. Building Construction and Drawir lamo. 

Elementary Course . 

Advanced Course . 

Monckto'' C. C. F Radiotelegraphy.8vo, 


Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 

EngUsh Technical Terms.64mo, leather, 

Montgot ./y, J. H. Electric Wiring Specifications.rOmo, 

Moore, E. C. S New Tables for the Complete Solution of Ganguillet and 

Kutter’s Formula .8vo, 

Moore, Harold. Liquid Fuel for Internal Combustion Engines.. .8vo, 
Morecroft, J. H., and Hehre, F. W. Hiort Course in Electrical Testing. 


8vo, 

Morgan, A. P Wireless Telegraph Construction for Amateurs, ismo, 

Morgan, J. D. Principles of Electric Spark Ignition.8vo, 

Morrell, R S., and Waele, A. E. Rubber, Resins, Paints and Var¬ 
nishes .8vo (/« Press.) 

Moses, A. J The Characters of Crystals .8vo, 

— and Parsons, C. L. Elements of Mineralogy.8vo, 

Moss, S. A. Elements of Gas Engine Design.i6mo, 

-The Lay-out of Corliss Valve Gears.i6mo, 

Mulford, A. C. Boundaries and Landmarks.iztno, 

Munby, A. E. Chemistry and Physics of Building Materials... .8vo, 

Murphy, J G. Practical Mining.i6mo, 

Murray, B. M, Chemical Ljagents.8vo, 

Murray, J. A. Soils and Manures...8vo, 



0 n 

130 
4 00 
*8 50 
•i as 


a 50 

a 50 


a 00 
a 00 
i nc 
a 50 

3 o, 

a 50 

*2 Q.J 


2 JO 

*1 00 

2 'o 

1 a.') 

3 00 

3 50 

a 50 

4 50 

2 00 

I 50 
•i 00 

•6 00 

5 00 

a 00 

I JO 

3 50 


*2 00 

4 50 
0 75 
0 75 
I 00 
a 50 
I 00 
3 00 
a 00 


Nasmith, J. The Student’s Cotton Spinning.8vo, 4 50 

-—Recent Cotton Mill Construction.lamo, 3 00 
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N^vs, O, B., ud HeUbroiii L If. IdwtiUlcdtlonofOritBieCoiiipoandi. 

j2ino, 150 

R, M. Aeropltne Patenti.gvo, *3 00 


Ncwblgin, M. I., tnd Flett, J. S. Jamm Gcikie, tbe Han and tin 

Geologist.8vo, 3 50 

Newbiging, T, Handbook for Gas Engineers and Managers.Svo, 7 50 

Hewell, F. H, and Drayer, C. E. Engineering as a Career. .lemo, cloth, *i 00 

Ificol, G. Ship Construction and Calculations.8vo, *10 00 

Nipher, F. E. Theory of Magnetic Measurements.lamo, 100 

Kisbet, H. Grammar of Textile Design.8vo, 7 50 

Nolan, H. The Telescope.i6mo, 0 75 

Nprie, J. W. Epitome of Navigation (2 Vols.).octavo, 15 00 

-A Complete Set of Nautical Tables with Explanations of Their 

^se .octavo, 6 50 

North, H. B. Laboratory Experiments in General Chemistry.lamo, *i 00 

O’Connor, H. The Gas Engineer’s Pocketbook.lamo, leather, 5 op 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit.i6mo, 0 75 

Olsvn, J. C. Text-book of Quantitative Chemical Analysis.8vo, 4 00 

Ormsby, M. T. M. Surveying.lamo, a 00 

Oudin, M. A. Standard Polyphase Apparatus and Systems.Svo, *3 00 

Pakes, W. C. C., and Hankivell, A. T. The Science of Hygiene . .Svo, *1 7S 

Palaz, A. Industrial Photometry...8vo, 5 00 

Palmer, A. R. Electrical Experiments.lamo, 0 75 

-Magnetic Measurements and Experiments.lamo, 0 75 

Pamely, C. Colliery Manager’s Handbook.Svo, *10 00 

Parker, P. A. M. The Control of Water.8vo, 6 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments... .8vo, ’'‘3 50 

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes. 

Vol. I. Monographs on Essential Oils. 9 00 

Vol. II. Constituents of Essential Oils, Analysis. 7 00 

-Foods and Drugs. Two Volumes. 

Vol. I. The Analysis of Food and Drugs.8vo, 9 50 

Vol. II. The Sale of Food and Drugs Acts.8vo, 3 50 

-and Coste, J. H. Chemistry of Pigments.Svo, *5 00 

Parry, L. Notes on Alloys.8vo, *3 50 

-Metalliferous Wastes .Svo, *2 50 

-Analysis of Ashes and Alloys.8vo, *2 50 

Parry, L. A. Risk and Dangers of Various Occupations.Svo, *3 50 

Parshall, H. F., and Hobart, H. M. Electric Railway Engineering. ato, 7 50 

Parsons, J. L. Land Drainage.Svo, ■'i 50 

Parsons, S. T. Malleable Cast Iron.Svo, 3 50 

Partington, J. R. Higher Mathematics for Chemical Students, .lamo, 2 50 

-Textbook of Thermodynamics .Svo, *4 00 

-The Alkali Industry.Svo, 3 00 

Patchell, W. H. Electric Power in Mines.Svo, *400 

Paieraon, G W. L. Wiring Calculations. .lamo, *2 30 

-Electric Mine Signalling Installations.lemo, ’*1 50 

Patterson, D. The Color Printing of Carpet Yarns. Svo, *3 50 

-Color Matchinv in Textiles.Svo, *3 50 

-Textile .Color Mixing.Svo, ”'3 50 












































20 D. VAN NOSTRAND CO.’S SHORT TITl£ CATALOG 


Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. .8vo, *2 00 

-Transmission of Heat through Cold-storage Insulation.i2mo, *r 00 

Payne, D. W. Iron Founders’ Manual. 8vo, 4 50 

Peddle, R. A. Engineering and Metallurgical Books.lamo, *150 

Peirce, B. System of Analytic Mechanics.4to, ro 00 

-Linear Associative Algebra.4to, 2 50 

Perkin, F. M., and Jaggers, E. M. Elementary Chemistry ... lamo, 1 00 

Perrin, J. Atoms.8vo, *2 50 

Petit, G. White Lead and Zinc White Paints. 8vo, *2 00 

Petit, R. How to Build an Aeroplane.8vo, i 50 

Pettit, Lieut. J. S. Graphic Processes....i6mo, 075 

Philbrick, P. H. Beams and Girders.i6mo, 

Phin, J. Seven Follies of Science. ijmo, *1 50 

Pickworth, C. N. Logarithms for Beginners.lamo, boards, i 00 

-The Slide Rule.lamo, i 50 

Pilcher, R. B. The Profession of Chemistry.'.lamo, 2 00 

Pilcher, R. B., and Butler-Jones, F. What Industry Owes to Chemical 

Science.lamo, i 50 

Plattner’s Manual of Blow-pipe Analysis. Eighth Edition, revised 8vo, 4 00 

Plympton, G. W. The Aneroid Barometer.i6mo, o 75 

- —How to Become an Engineer.i6mo, o 75 

-Van Nostrand’s Table Book .i6mo, 0 75 

Pochet, M. L. Steam Injectors.,....i6mo, 075 

Pocket Logarithms to Four Places. r6mo,' 0 75 

i6mo, leather, i 00 

Polleyn, F. Dressings and Finishings for Textile Fabrics.Svo, '3 50 

Pollock, W. Hot Bulb Oil Engines and Suitable Vessels.Svo, 10 00 

Pope, F. G. Organic Chemistry.lamo, 3 00 

Pope, F. L. Modern Practice of the Electric Telegraph. 8vo, i 50 

Popplewell, W. C. Prevention of Smoke.bvo, '3 5b 

— Strength of Materials.Svo, *2 50 . 

Porritt, B. D. The Chemistry of Rubber.ismo, 1 00 

Porter, J. R. Helicopter Flying Machine.tamo, i 50 

Potts, H. E. Chemistry of the Rubber Industry.8vo, 2 50 

Practical Compounding of Oils, Tallows and Grease.8vo, *3 50 

Pratt, A. E. Economic Metallurgy. (In ]‘rcss.) 

Pratt, Jas. A. Elementary Machine Shop Practice. (hi Press.) 

Pratt, K. Boiler Draught .tamo, *r 2.S 

Prelini, C. Earth and Rock Excavation.8vo, *300 

-Graphical Determination of Earth Slopes. 8vo, *2 00 

-Tunneling. New Edition.8vo, *300 

-Dredging. A Practical Treatise.8vo, *3 00 

Prescott, A. B., and Johnson, 0 . C. Qualitative Chemical Analysis. .8vo, 4 00 

Prescott, A. B., and Sullivan, E, C. First Book in Qualitative Chemistry. i 50 

Prideaux, E. B. R. Problems in Physical Chemistry.8vo, 4 50 

-The Theory and Use of Indicators.Bvo, 5 00 

Prinoe, G. T. Flow of Water.lamo, *2 00 

Pull, E, Modern Steam Boilers.Svo, 5 00 

Pullen, W. W. F. Application of Graphic Methods to the Design of 

ramo, *t 50 

Structures .lamo, 3 00 

-Injectors; Theory, Construction and Working.lamo, *2 00 

-Indicator Diagrams .Bvo, 3 00 

-Engine Testing ...8vo, *5 50 
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Piirday, B. F. P. The Diesel Engine Design.Svo, 7 so 

Putsch, A. Gas and Coal-dust Firing.Svo, *2 50 


Safter, G. W. Mechanics of Ventilation.ifimo, 0 75 

-Potable Water .lemo, 0 n 

-Treatment of Septic Sewage.i6mo, '075 

-and Baker, M. N. Sewage Disposal in the United States... .4to, 6 00 

Raikes, H. P. Sewage Disposal Works.Svo, *4 00 

Raudau, P. Enamels and Enamelling.Svo, *5 00 

Rankine, W. J. M, A Manual of Applied Mechanics.Svo, 6 00 

-Civil Engineering .Svo. 7 50 

-Machinery and Millwork.Svo, 6 00 

-The Steam-engine and Other Prime Movers.Svo, 6 00 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Text-book. .Svo, 4 00 

Purday, H. F. P. The Diesel Engine Design.Svo [In Press.) 

Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

Svo, 5 00 

Rasch, E. Electric Arc Phenomena.Svo, 2 00 

Rathbone, R. L. B. Simple Jewellery.Svo, 2 50 

Rausenberger, F. The Theory of the Recoil Guns.Svo, *5 00 


Rautenstrauch, W. Notes on the Elements of Machine Design.Svo, boards, *i 50 
Rautenstrauch, W., and Williams, J. T. Machine Drafting and Empirical 


Design. 

Part I. Machine Drafting.Svo, i 50 

Part 11 . Empirical Design. [In Preparation.) 

Raymond, E. B. Alternating Current Engineering.izmo, *250 

Rayner, H. Silk Throwing and Waste Silk Spinning.Svo, 

Recipes for the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades, 

Svo, *5 00 

Recipes for Flint Glass Making.lamo, ‘s 00 

Redfern, J. B., and Savin, J. Bells, Telephones.i6mo, 0 75 

Redgrove, H. S. Experimental Mensuration.lamo, i 50 

Reed, S. Turbines Applied to Marine Propulsion. *5 00 

Reed’s Engineers’ Handbook .Svo, 12 00 

-Key to the Nineteenth Edition of Reed’s Engineers’ Handbook. .Svo, 4 00 

-Useful Hints to Sea-going Engineers.ismo, 3 00 


Reid, E. E. Introduction to Research in Organic Chemistry. (In Press.) 
Reinhardt, C. W. Lettering for Draftsmen, Engineers, and Students. 

oblong 4to, boards, i 25 

Reinhardt, C. W. The Technic of Mechanical Drafting, 

oblong, 4to, boards, *1 00 

Reiser, F. Hardening and Tempering of Steel .izmo, 2 50 

Reiser, N. Faults in the Manufacture of Woolen Goods. Svo, 2 50 

-Spinning and Weaving Calculations. Svo, *5 00 

Renwick, W. G. Marble and Marble Working_Svo (Reprinting.) 

Reuleaux, F. The Constructor.4to, 4 00 

Rey, Jean. The Range of Electric Searchlight Projectors.Svo, 

( Reprinting.) 

Reynolds,. 0 ., and Idell, F. E. Triple Expansion Engines.i6mo, o 75 

Rhead, 6." F. Simple Structural Woodwork.i2mo, *1 25 

Rhead, G. W. British Pottery Marks.Svo, 3 50 

Rhodes, H. J. Art of Lithography.Svo, 5 00 

Rice, J. M and Johnson, W. W. A New Method of Obtaining the Differ¬ 
ential of Functions. .i2mo, 0 50 
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Sicluuds, W. A, Forging of Iron and Steel.ratio, 

Richards, W. A., and North, H. B. Manual of Cement Testing... lamo, 

Richardson, J. The Modern Steam Engine. hvo, 

Richardson, S. S. Magnetism and Electricity. lamo, 

Rideal, £. R. Industrial Electrometallurgy...8vo, 

-The Rare Earths and Metals.8vo (/« I'n’ss.) 

-Ozone .8vo, 

Rideal, S. Glue and Glue Testing.8vo, 

-The Carbohydrates.Svo (/« ) 

Riesenberg, F. The Men on Deck.izmo, 

-Standard Seamanship for the Merchant Marine, tzmo (/ii i’rcs.' i 

Rimmer, E, J, Boiler Explosions, Collapses and Mishaps.Svo, 

Rings, F. Reinforced Concrete'in Theory and Practice.izmo, 

-Reinforced Concrete Bridges.4to, 

Ripper, W. Course of Instruction in Machine Drawing. folio, 

Roberts, F. C. Figure of the Earth.i6mo, 

Roberts, J., Jr. Laboratory Work in Electrical Engineering , , . Svo, 

Robertson, J. B. The Chemistry of Coal.izmo, 

Robertson, L. S. Water-tube Boilers.Svo, 

Robinson, J. B. Architectural Composition.Svo, 

Robinson, S. W. Practical Treatise on the Teeth of Wheels. .i6mo, 

-Railroad Economics . i6mo, 

-Wrought Iron Bridge Members.i6mo, 

Robson, J. H. Machine Drawing and Sketching.Svo, 

Roebling, J. A. Long and Short Span Railway Bridges.folio. 

Rogers, A. A Laboratory Guide of Industrial Chemistry .Svo, 

--Elements of Industrial Chemisti ’.izmo, 

-Manual of Industrial Chemistry.Svo, 

Rogers, F. Magnetism of Iron Vessels.i6mo, 

Rohland, P. Colloidal and Crystalloidal State oi Matter . izmo, 

I 'u ‘’I'itirri'i. I 

RoUinson, C. Alphabets. Oblong, izmo, 

Rose, J. The Pattern-makers’Assistant. Svo, 


-Rey to Engines and Engine-running . 

Rose, T. K. The Precious Metals. 

Roaenhain, W. Glass Manufacture . 

-Physical Metallurgy, An Introduction to. . 

Roth, W. A. Physical Chemistry . 

Rowan, F. J. Practical Physics of the Modern Steam-boiler 


— and laell, F. E. Boiler Incrustation and Corrosion.i6ino, 

Roxburgh, W. General Foundry Practice.. 8vo 

Ruhmer, E. Wireless Telephony. . . . . . . .Syo, 

Russel], A. Theory of Electric Cables and Networks. . 8vo 

Rutley, F. Elements of Mineralogi'..'.'izmo 

Rust, A. Practical Tables for Navigators and Aviators.Svo,' 


Sandeman, E. A. Notes on the Manufacture of .Earthenware. 

Sanford, P. G. Nitro-ezplosives. 

Saunders, C. H. Handbook of Practical Mechanics. 

Sayers, H. M. Brakes for Tram Cars. 

Schaefer, C. T. Motor Truck Design. 

Scheele, C. W. Chemical Essays.. 


. izmo, 
.. 8vo, 

. T 6 mo, 
leather, 
...Svo, 
... .Svo, 
... .8vo, 


a a; 
5<t 
*3 SO 
'*Z 00 

3 oo 

4 oo 
*5 oo 

3 00 

z as 
*4 50 
*5 00 
*6 00 
0 75 
*2 OO 

1 as 

2 OO 

3 50 
0 7 S 

0 75 
0 75 
*z oo 
25 00 
2 00 
“3 00 
7 50 
0 75 


00 
2 50 
2 50 
z 50 

4 00 
4 00 
•z 00 
•3 00 

0 75 

2 50 
4 50 

•3 00 
z 50 

3 50 


3 50 
*4 00 

1 50 

Z 00 T 

*i as 

2 50 
*a so 












































D. VAN NOSTRAND CO.’S SHORT TITLE CATALOG 


Sdeitliaiier, W. Shale Oils anl Tan.. .Sve, V.OO 

Scherer, Caaeis...Svo, 359 

Schi&rowitz, P. Robber, Its Froductum and loduatrial Uses.Svo, *6 00 

Schindler, K. Iron and Steel Conatnictien Works.zamo, *2 00 

Sdunall, C. N, First Coune in Analytic Geometry, Plane and Solid. 

lamo, half leadier, *i 73 

-and Shack, S. M. Elements of Plane Geometry.zamo, i as 

Schmeer, L. Flow of Water.8v#, i 50 

Schwarz, E. H. L. Caizsal Geology.Svo, *3 00 

Schweizer, V. Pistillatisna of Resins .Svo, 5 00 

Scott, A. H. Reinforced Concrete in Practice.lamo, a 00 

Scott, W. W. Qualitative Analysis. A Laboratory Manual. New 

Edition . 3 00 

-Stazidard Methods of Chemical Analysis.Svo, 7 50 

Scribner, J. M. Engineers’ and Mechanics’ Companion. .iSmo, leather, i 50 
Scudder, H. Electrical Conductivity and Ionization Constants of 

Organic Compounds.Svo, *3 00 

Seamanship, Lectures on.zamo, a 00 

Searle, A. B. Modem Brickmaking.Svo, 7 00 

■-Cement, Concrete and Bricks.Svo, 3 00 


Searle, G. M. “Sumners’ Method.” Condensed and Improved. 


zemo, 0 75 

Seatoiz, A. E. Manual of Marine Engineering.Svo, 10 oo 

Seaton, A. E., and Rounthwaite, H. M. Pocket-book of Marine Engi¬ 
neering .z6mo, leather, 6 00 

Seeligmann, T., Tofrilhon, 6. L., and Falconnet, H. India Rubber and 

Gutta Percha .'• -Svo, 6 00 

Seidell, A. Solubilities of Inorganic and Organic Substances—Svo, 7 50 

Sellew, W. H. Steel Rails. 4 to, *ro 00 

-Railway Maintenance Engineering.zzmo, 

Senter, 6. Outlines of Physical Chemistry.zzmo, 

-Text-book of Inorganic Chemistry.zzmo, ’ 

Sever, G. F. Electric Engineering Experiments.Svo, boards, ’ 

Sever, G. F., and Townsend, F. Laboratory and Factory Tests in Elec¬ 
trical Engineering.Svo, ’ 

Sewall, C. H. Wireless Telegraphy.Svo, ’ 

-Lessons in Telegraphy.. ■ zamo, ' 

Sexton, A. H.' Fuel and Refractory Materials -zzmo (Rrprinlimi.) 

-Chemistry of the Mateiials of Engineering.umo, ' 

-Alloys (Non-Ferrous) .Svo, 

Sexton, A. H.,'and Primrose, J. S. G. The Metallurgy of Iron and Steel. 

Svo, 

-The Common Metals (Non-Ferrous).Svo, 

Seymour, A. Modern Printing Inks.Svo, 

Shaw, Henry S. H. Mechanical Integrators.i6mo, 

Shaw, S. History of the Staffordshire Potteries.Svo, 

_Chemistry of Compounds Used in Porcelain Manufacture... .Svo, 

Shaw, T. R. Driving of Machine Tools.rzmo, 

-Precision Grinding Machines . zemo, 

Shaw, W. N. Forecasting Weather .Svo (Reprinting.) 

Sheldon, S., and Hausmann, E. Dynamo Electric Machinery, A.C. 

and D.C...Svo (In Pres.t.) 

_Electric Traction and Transmission Engizieeriiig.zzmo, 

_Physical Laboratory Experiments, for Engineering Students. .Svo, 
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Shrfl, T. r. » ““ ““”.■5 

Shields. J. E. Motes on .8,0,. 

Shreve, S. H. Strengtt 0 .i*mo, fnbrikoid, 

Shunk,W. F. The Field W" Directions and Study 

Silvenuftiii A., and Harvey, plorniQtrv .lOOM lufy 

*‘S“r f"" ' 

J'b ». ^ “■""'■“S; 

, ,A-. 1 11 r i EdiWe ’'ats and Oils, . .8vo, 
Simmons, W. H., and Mitdie , • • fabrikoid, 

Simpson, a The Maval Constmctor. g.-o. Un iWss.) 

Simpson, W. Foundations. 

Sinclair, A. Development of the Locomotive Engine. 8vo, half leather, 

Sindall, R. W. Manufacture of Paper. 

Sindall, R. W., and Bacon, W. N. The Testing of Wood Pulp-8vo, 

-Wood and Cellulose.8vo (/n rri's.t.) 

Sloane, T. O’C. Elementary Electrical Calculations.iimo, 

Smallwood, ]. C. Hechanical Laboratory Methods—'emo, fabriko'd, 
Smith, C. A. M. Handbook of Testing, MATERIALS.bv;, 

Smith, C. A. M., and Warren, A. G. Now Steam Tables.8vo, 

Smith, C. F. Practical Alternating Currents arm Testing.Svo, 

— Practical Testing of Dynamos and Motors.8vo,- 


3: 
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3 5 - 
3 oc 

a 00 


; CO 

*.i 50 

*S 00 

5 00 
3 00 
2 50 

2 50 

3 00 

■? PL' 

•r 21 
*3 50 
*3 00 


Smith, F.E. Handbook of General Instruction for Mechanics.. .lamo, r 50 
Smith, G. C. Trinitrotoluenes and Mono- and Dinitrotoluenes, Their 


Manufacture and Properties.lamo, a 00 

Smith, H. G. Minerals and the Microscope.lamo, a 00 

Smith, J. C. Manufacture of Paint.8vo, *5 00 

Smith, R. H. Principles of Machine Work.lamo, 

— Advanced Machine Work.tamo, *3 00 

Smith, W. Chemistry of Hat Manufacturing.ramo, *3 50 

Snell, F. D. Colorimetric Analysis .tamo (In Press.) 

Snow, W. G., and Nolan, T. Ventilation of Buildings.r6mo, o 75 

Soddy, F. Radioactivity.8vo .(Reprinlinij.) 

Solomon; M. Electric Lamps.....8vo, a 00 

Somerscales, A. N. Mechanics for Marine Engineers.ramo, a 50 

-Mechanical and Marine Engineering Science.8vo, *5 00 

Sothern, J. W. The Marine Steam Turbine.8vo, *ia 50 

-Verbal Notes and Sketches for Marine Engineers.8vo, rs 00 

-Marine Engine Indicator Cards. 8vo, 4 50 

Sothern, J. W., and Sothern, R. M. Simple Problems in Marine 

Engineering Design .ramo, 3 00 

Souster, E. G. W. Design of Factory and Industrial Buildings. .Svo, a 00 

Southcombe, J. E. Chemistry of the Oil Industries.8vo, 3 so 

Soxhlet, D. H. Dyeing and Staining Marble. 8vo, a n 

Spangenburg, L. Fatigue of Metals.rfimo, 0 74 

Specht, G. J., Hardy, A. S., McMaster, J. B., and Walling. Topographical 

Surveying .T5mo, " as 

Spencer, A. S. Design of Steel-Framed Sheds.8vo, "a n 

Spiegel, t. Chemical Constitution and Physiological Action—ramo. ' as 









































Sprague, E. H. Hyflraulics.. 

-Elements of Graphic Statics. gvo. 

-Stability of Masonry.. .limo 

-Elementary Mathematics for Engineers.ismo’. 

-Stability of Arches.. i,nio 

-Strength of Structural Elements. lamo' 

— Moving Loads by Influence Lines and Other Method!!"ismo! 

Stahl, A. W. Transmission of Power.i6mo, 

Stfthl, A. W., and Woods, A. T. Elementary Mechanism.ismo, 

Standage, H. C Leatherworkers^ Manual.8vo, 

Sealing Waxes, Wafers, and Other Adhesives.8vo, 

“ Agglutinants of All Kinds for All Purposes.lamo, 

Stanley, H. Practical Applied Physics. {hi Press.) 

Stansbie, J. H. Iron and Steel.Svo, 

Steadman, P. M. Unit Photography.i2mo, 

Stecher, G. E. Cork. Its Origin and Industrial Uses.i2mo, 

Steinheil, A., and Voit, E. Applied Optics^ Vols. I. and II. Svo, 

_ Each, 

-Two Volumes .. 

Steinman, D. B. Suspension Bridges and Cantilevers. (Science Series 

No. 127.) . 

-Melan’s Steel Arches and Suspension Bridges.8vo, 

Stevens, A. B. Arithmetric of Pharmacy.i2mo, 

Stevens, E. J. Field Telephones and Telegraphs. ! 

Stevens, H. P. Paper Mill Chemist.i6mo, 

Stevens, J. S. Theory of Measurements.i2Tno, 

Stevenson, J. L. Blast-Furnace Calculations.i2mo, leather, 

Stewart, G. Modern Steam Traps. iimo, 

Stiles, A. Tables for Field Engineers.i2ino, 

Stodola, A. Steam Turbines.8vo, 

Stone, E. W. Elements of Radiotelegraphy.i2mo, fabrikoid, 

Stone, H. The Timbers of Commerce.8vo, 

Slopes, M. The Study of Plant Life.8vo, 

Sudborough, J. J., and James, T. C. Practical Organic Chemistry,i2mo, 

Suffling, E. R. Treatise on the Art of Glass Painting.Svo, 

Sullivan, T. V., and Underwood. N. Testing and Valuation of Build¬ 
ing and Engine^’ring Materials. (/n Prcs<! ) 

Svenson, C. L. Handbook on Piping .Svo, 

-Essentials of Drafting.Svo, 

-Mechanical and Machine Drav'ing and Design. (hi Press.) 

Swan, K, Patents, Designs and Trade Marks.8vo, 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Electric Currents. 

i6mo, 

Swcope, C. W. Lessons in Practical Electricity.i2mo, 

Tailfer, I Bleaching Linen and Cotton Yarn and Fabrics. 3 vo, 

Tate, J. S. Surcharged and Different Forms of Retaining-walls. .i6mo, 

Taylor, F. N. Small Water Supplies.i2Tno, 

-Masonry in Civil Engineering.Svo, 

Taylor, H. S Fuel Production and Utilization.8vo, 

Tayloi, W. T Calculation of Electrical Conductors.4to, 

-Electric Power Conductors and Cables.8vo (In Press.) 

—-Calculation of Electric Conductors.4to {In Press.) 

Templeton, W. Practical Mechanic’s Workshop Companion. 

i2mo, morocco, 

Tenney, E. H Test Methods for Steam Power Plants.i2mo, 

Terry. H. L. India Rubber and its Manufacture.Svo, 
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Thtyer, B. S. Stroetnral Design. Sto. 

Vol. ,L Elements ef Structural Deiigii.. S $o 

Vol iL Design of Simple Structures. , 4 ifi 

VoL IIL Design of Advanced Stntctnres.(/n Preparai^.) 


-jrounoanons ana masonry.U" rrfpuruHun.j 

TUess, J. B., and Joy, G. A Toll Telephone Practice.Svo,. *3 S 9 

Thom, C., arid Jones, W. H. TelegnpUc Connections., oblong, ismo, 150 

Thomas, C. W. PRper.4aaket8' Handbook. {In Preu.) 

Thomas, J. B. Strength of Ships.Svo, a 50 

Thomas, Roht. G. Applied Calculus.ismo, 3 oo 

Thompson, A. B. Oil Fields of Russia.4to, lo oo 

-Oil Field Development. 15 00 

Thompson, S. P. Dynamo Electric Machines.i6mo, o 75 

Thompson, W. P. Handbook of Patent Law of All Countries.i6mo, 1 50 

Thomson, G. Modem Sanitary Engineering.ismo, *3 00 

Thomson, G. S. Milk and Cream Testing.lomo, 35 

-Modem Sanitary Engineering, House Drainage, etc.Svo, *3 00 

Thomley, T. Cotton Combing Machines.. .Bvo, ’3 50 

-Cotton Waste .Svo, ’3 50 

-Cotton Spinning. Svo. 

First Year . *1 50 

Second Year . *3 So 

Third Year . *a 50 

Thurso, J.W. Modem Turbine Practice. Svo, *400 

Tidy, C. Meymott. Treatment of Sewage. .bmn, 0 75 

Tilmans, J. Water Purification and Sewage Disposal.Bvo, t 50 

Tinkler, C. K., and Masters, H. Applied Chemistry. Bto, 4 50 

Tinney, W. H. Gold-mining Machinery.8vo, *3 00 

Titherley, A. W. Laboratory Course of Organic Chemistry.Svo, 2 50 

Tiiard, H. T. Indicators. (In PrM.) 

Toch, M. Chemistry and Technology of Paints.Svo, 4 50 

-Materials for Permanent Painting.umo, 2 go 

Tod, J., and McGibbon, W. C. Marine Engineers’ Board of Trade 

Examinations .Svo, *2 00 

Todd, J., and Whall, W. B. Practical Seamanship.Svo, ji 00 

Townsend, F. Altenutting Current Engineering.Svo, boards, *075 

Townsend, J. S. Ionization of Gases by Collision.Svo, *1 35 

Transactions of the American Institute of Chemical Engineers, Svo. 

Vol. I. to XI., 1908-1918.Svo, each, 6 00 

Traverse Tables .i6mo, 0 75 

Treiber, E. Foundry Machinery.jzmo, 2 00 

Trinks, W. Governors and Governing of Prime Movers.Svo, 3 50 

Trinks, W., and Housum, C. Shaft Governors.i6mo, 0 75 

Trowbridge, W. P. Turbine Wheels.i6mo, 0 75 

Tucker, J.H. A Manual of Sugar Analysis.Svo, 350 

Tumbull, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine ...x6mo, 075 

Turner, H, Worsted Spinners’ Handbook.izmo, *3 00 

Tuirill, S. H. Elementary Course in Perspective.tamo, *i ag 

Twyford, H. B. Purchasing. Svo, 4 00 

-Storing, Its Economic Aspects and Proper Methods.Svo, 3 50 















































• i>. vAlV cal's,cxiixm 


OodarUll, C. R. Stiasoids,SlaciroaucaettuidBbeti«mtnietle Wind¬ 
ings ...... , .»« 

Undttvood, N., nnd SoiUvu, X. Y, Cliemutry and fechMlosy of 

• Printing Inki ..."gvo, 

Uitnlinrt, J. W, Slectro-^ting...iimo, 

Electrotyping.. lamo, 

Vibome, P. 0 . O. Design of Simple Steel Bridges. 8 to, 


Vaeher, P. Pood Inspector's Handbook..lamo, 

Van Nostiand’s Chemical Annual. Pourth issue igiS.fabrikold, lamo, 

-Year Book of Mechanical Engineering Data.(/« Press.) 

Van Wagenen, T. F. Manual of Hydraulic Mining.t6mo, 

Vega, Baron Von. Logarithmic Tables.8vo, 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter.8vo, 

Vincent, C. Ammonia and its Compounds.8vo, 

Virgin, R. Z. Coal Mine Management. (In Press.) 

Volk, C. Haulage and Winding Appliances.8vo, 

Von Georgievics, G. Chemical Technology of Textile Fibres.8vo, 

-A Text Book of Dye Chemistry.8vo, 

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra ..i6mo, 

Vosmaer, A. Ozone...8fo> 


Wabner, R. Ventilalion in Mines.8vo, 

Wadmore, T. M. Elementary Chemical Theory.izmo, 

Wagner, E. Preserving Fruits, Vegetables, and Meat.titno, 

Wagner, H. E., and Edwards, H. W. Railway Engineering Estimates. 

(In Press.) 

Wagner, J. B. Seasoning of Wood. 8V0, 

Waldram, P. J. Principles of Structural Mechanics.ramo. 

Walker, F. Dynamo Building. 

Walker, J. Organic Chemistry for Students of Medicine.8vo, 

Walker, S. F. Refrigeration, Heating and Ventilation on Shipboard 

izmo, 

—.— Electricity in Mining. 

——Electric Wiring and Fitting.8vo, 

Wallis-Tayler, A. J. Bearings and Lubrication.8vo, 

—-Aerial or Wire Ropeways.8vo, 

-Preser ation of Wood. .“''®> 

_Refrigeration, Cold Storage and Ice Making.8vo, 

-Sugar Machinery...ramo. 


Walsh J. J. Chemistry and Physics of Mining and Mine Ventilation, 

’ * iiinOi 

Wanklyn, J. A. Water Analysis..ismo, 

Wansbrouglf, W. D. The A B C of the Difierential Calculus... .ramo, 

-Slide Valves.ramo. 

Waring, Jr., G. E. Sanitary Conditions.i6mo, 

--Sewerage and Land Drainage. 

_Modem Methods of Sewage Disposal.ramo. 

-How to Drain a House. 
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Wanes, A R. Coal Tar Distillation.8vo, *5 o» 

Warren, F. D, Handbook on Reinforced Concrete.lomo, *250 

Watkin^ A Photography.8vo, • 3 00 

Watson, E. P. Small Engines and Boilers. 1*5 

Watt, A. Electro-plating and Electro-refining of Metals.Svo, 5 

-Electro-metallurgy.rrmo,* r 

-Paper-Making .Svo, ^ 

-Leather Manufacture .Svo, 6 

-The Art of Soap Making.Svo, ^ 

-Electro-Plating . lemo, 2 00 

Webb, H. L. Guide to the Testing of Insulated Wires and Cables. lamo, i 00. 

Wegiruim, Edvard. Conveyance and Distribution of Water for 

Water Supply. Svo, 500 

Weisbach, J. A Manual of Theoretical Mechanics. Svo, *6 00 

Weisbach, J., and Herrmann, G. Mechanics of Air Machinery ...Svo, *3 75 

WeUs, M. B. Steel Bridge Designing.Svo, *2 5* 

Wells, Robt. Ornamental Confectionery.trmo, 3 00 

Weston, E. B. Loss of Head Due to Friction of Water in Pipes. .lamo, 2 00 

Wheatley, 0 . Ornamental Cement Work. livo, *2 25 

Whipple, S. An Elementary and Practical Treatise on Bridge Building. 

Svo, 3 00 

White, C. H. Methodd of Metallurgical Analysis.lamo, 3 00 

White, G. F. Qualitative Chemical .Analysis.ramo,- i 40 

White, G. T. Toothed Gearing.i2nio, ”2 00 

White, H, J. Oil Tank Steamers. lamo, 3 00 

Whitelav, John. Surveying.gvo, 4 50 

Whittaker, C. M. The Application of the Coal Tar Dycstufis ..Svo, 3 00 

Widmer, E. J. Military Balloons . gvo, 3 00 

Wilcox, R. M. Cantilever Bridges.igmo, 0 75 

Wilda, H, Steam Turbines. umo, 2 00 

-Cranes and Hoists. lamo, 2 00 

Wilkinson, H. D. Submarine Cable Laying and Repairing .. Svo, 

(Ri'pnnliiiii.) 

Williamson, J. Surveying.aVo, +3 00 

Williamson, R. S. Practical Tables in Meteorology and Hypsometry, 

' 4 to, 2 50 

Wilson, r. J., and Hdlhron, I. M. Chemical Theory and Calculations. 

ramo, r 75 

Wilson, J. F. Essentials of Electrical Engineering .Svo, 3 00 

Wimperis, H. E. Internal Combustion Engine.Svo, 3 30 

-Application of Power to Road Transport.lamo, *1 50 

-Primer of Internal Combustion Engine.lamo, i 50 

Winchell, N. H., and A. N. Elements of Optical Mineralogy.. . Svo, *3 50 

Winslow, A. Stadia Surveying.iSmo, 0 75 

Wisser, Lieut. J. P. Explosive Materials.iSmo, 

--Modem Gun Cotton. i6mo, 0 75 

Wolff, C. E. Modern Locomotive Practice . gvo, *4 20 

Wood, De V. Luminiferous Aether.i6mo, 0 75 

Wood, J. K. Chemistry of Dyeing.lamo, i 00 

Worden, E. C. The Nitrocellulose Industry. Two Volumes.gvo, *to 00 

-Technology of Cellulose Esters. In ro volumes. 8vo. 

Vol. VIII. Cellulose Acetate. *5 00 
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Wren H, OrganometaUie Compmmte of Zloe ut 1 CagBe 8 itm..i»mo, t 

Whght, A, C. Analysis of Oils and Allisi Substances......Sve, '*3 

'Wright, A. C. Simple Method for Testing Paintets’ Materials... sto, a 

Wright, F. W. Design of a Condensing Plant..lamo (Reprinting.) 

Wright, J. Testing, Fault Finding, etc., for Wiiemen.i6mo, <■. 50 

Wright, T. W. Elements ot Mechanics.8vo, *3 00 

Wright, T W., and Hayford, J. F Adjustment of Observations.. .8vo, 4 00 

Wyime, W. £., and Sparagen, W. Handbook of Engineering Mathe¬ 
matics .lamo, 3 50 

Yoder, J. H., and Wharen, G. B. Locomotive Valves and Valve Gears, 

8vo, 

Young, J. E, Electrical Testing for Telegraph Engineers.8vo, 

Young, R. B. The Banket.8vo, 

Youngson. Slide Valve and Valve Gears.8vo, 

Zahner, R. Transmission of Power.i6mo, 

Zeuner. A. Technical Thermodynamics. Two Volumes.8vo, to 00 

Zimmer, G. F. Mechanical Handling and Storing of Materials.. . .4to, 15 00 

-Mechanical Handling of Material and Its National Importance 

During and After the War.. ;.4to, 4 00 

Zipser, J. Textile Jiaw Materials.8vo, 5 00 

Zur Nedden, F. Engineering Workshop Machines and Processes. .8vo, 2 00 


*3 00 

*4 00 
3 50 
3 00 
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are prepared to supply, either from 
their complete stock or at 
short notice 
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' In addition to publishing a very large 
and varied number of Chemical, 
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